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BUSINESS SESSION 




PROCEEDINGS 


The object of this Association is the advancement of knowledge pertaining to the 
scientific and economic location, construction and maintenance of 
Railways, Its action is not binding upon its members. 


TUESDAY, MARCH 14, 1933 
MORNING SESSION 

The Thirty-fourth Annual Convention of the American Railway Engineering Asso- 
ciation was called to order in the Grand Ball Room of the Palmer House, Chicago, by 
the President, Mr. John V. Neubert, Chief Engineer Maintenance of Way, New York 
Central Railroad. 

The President: — I do not know of anything more appropriate than to say “Good 
Morning I” to you. The meeting will please come to order. 

The Thirty-fourth Annual Convention of the American Railway Engineering Asso- 
ciation is now declared open for the transaction of business. This is also the annual 
session of the Construction and Maintenance Section of the American Railway Associa- 
tion, Division IV — Engineering, the meetings being concurrent. 

, The first order of business is the reading of the Minutes of the last annual meeting. 
Inasmuch as thesf Minutes have been printed and a copy furnished to each member, the 
reading of the Minutes will be dispensed with, if there is no objection. There being no 
objection, the Minutes will stand approved as printed. 

We have a long program before us. We are back to the two-day session, as we 
- had last year, I hope that everyone here feels that the subjects as presented in the Bulle- 
tins are worthy of discussion. I also hope that the older members and particularly the 
younger members will enter into the discussion. 

In order to save time, we are not going to have a great many preliminaries. We 
started this meeting about half an hour late this morning for the reason that changes 
certain train schedules made it impossible for some members to get here early. I 
hope that we can make that time up between now and noon. 

Before I make the President’s address, which is customary, I want to explain the 
conditions that arose last week in connection with holding this meeting of the Associa- 
tion. We had some discussion in regard to deferring this meeting, the idea being that 
2hy^deferring it until later we would have a larger attendance. I held out for holding 
it on Tuesday and Wednesday. We have been through some pretty trying times. The 
vear past has been trying but pleasant. I may have disappointed a great many of 
che members by not deferring this meeting. If so, I regret it, but I felt that we should 
go ahead. The complimentary remarks I have heard in that connection leave me grate- 
ful. Do not blame any of the Board or anybody else in regard to carrying on the 
Association meeting. It was no one but me; I will take the blame. I felt that this 
'Association had gone along for thirty-four years without a break in its meetings and 
I did not see why we should do it now. I felt that we should stand in the front line 
'and carry on. I think by doing that we are going to get farther ahead. I thought I 
should make those remarks, so blame me and no one else (Applause) . 

(President Neubert read his Address, with the following interpolation preceding the 
poem, “The Guy Who Stubbed His Toe.” In closing, I am going out of the usual 
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realm. I am going to read a poem I have read many times. This poem to me is like 
a prayer. I have applied it a great many times and I hope you will. I am leading this 
to you and for those who are out of positions or who have been reduced in pay oi woik- 
ing time. I think it is appropriate at this time.) 

“THE GUY WHO STUBBED HIS TOE” 

Did you ever pass a youngster, who had been an’ stubbed his toe, 

An’ was setting by the roadside, just a-crying soft and low, 

A-holdin’ of his dusty foot, so hard an’ brown and bare, 

An’ trying to keep back from his eyes, the tears that’s a-gatherin’ there? 

You hear him sorter sobbin’ like, an’ sniffllin of his nose, 

You stop an’ pat him on the head, an’ try to ease his woes. 

You treat him sorter kind like, and the first thing that you know, 

He’s up and off a-smilin’, clean forgot he stubbed his toe. 

’Long the road of human life you’ll find a feller going slow, 

An’ like as not he’s some poor cuss who’s been an’ stubbed his toe; 

He was makin’ swimmin’ headway ’till he bumped into a stone, 

An his friends kept hurryin’ onward an’ they’ve left him here alone. 

He ain’t sobbin’ an’ ain’t snifflin’, he’s too old for sobs an’ cries, 

But he’s grievin’ just as earnest, if it only comes in sighs; 

And it does a lot of good sometimes to go a little slow. 

And speak a word of comfort to the guy who’s stubbed his toe. 

You ain’t sure yourself, an’ there ain’t no way to know, 

When it’s going to come your time to slip and stub your toe. 

To-day you’re bright and happy in the world’s sunlight and glow, 

An’ tomorrow you’re a-freezin’ an’ a- trudgin’ through the snow. 

The time you think you’ve got the world the tightest in your grip, 

Is the very time you’ll find you’re likeliest to slip; 

An’ it does a lot of good sometimes to go a little slow, 

And speak a word of comfort to the guy who’s stubbed his toe. 


ADDRESS OF PRESIDENT JOHN V. NEUBERT 

As we open this, the thirty-fourth Annual Meeting of the American Railway Engi-*' 
neering Association, we have the history of railways for about a hundred years behind 
us, and it, therefore, seems to me that this is an occasion when it is appropriate to 
make a short review of the growth and progress of your Association since its organiza- 
tion in 1899. 

When your Association was first thought of there was no one who could possibl)^ 
make the faintest prediction of the wonderful advance that was to be made in the art, 
and science of railroading. The great men in our profession who got together at that 
time surely had a vision that such an organization as ours would have a great field for 
work such as they later laid out. 

The results up to this date are a conclusive answer. The value of research,' 
standardization, methods, practices, safety arrangements, etc., have meant not only sav-‘ 
ings to the railroads, but savings and service to all of the people. 

The long list of meetings which have been so fully attended, and which have 
proven valuable and educational to all the members; the Proceedings, with their records 
of addresses, papers and discussions by men of advanced experience in almost every 
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branch of railway engineering, the constant growth in the membership of the Associa- 
tion, and its widespread influence all go to indicate that from the beginning it has been 
an earnest and progressive organization, constantly searching for what is good and true 
and it has been one of the most important factors in the advance of railway engineering 
science. 

Not only those of us who are counted among its first members, but those who from 
year to year have been added to its membership, may well be proud of its splendid 
record. 

The scope and influence of our Association, which has been constantly increasing 
in the past, will surely continue, and never was its future brighter than at present. 

At the close of each year in the life of our Association, it is customary to give an 
accounting of our stewardship of the general affairs of the organization. 

Your President will only touch briefly on the high spots, and for details you are 
referred to the Secretary’s report. 

(1) Committee-Work . — ^The principal activities of your Association revolve around 
committee-work. The year just passed has been an unusually diiflacult period in many 
respects. Committee-work has been carried on under handicaps brought about by the 
prevailing adverse business conditions. Members who have heretofore been quite active 
on committees, have been obliged to cui^tail attendance at meetings, and, in some in- 
stances, to give up entirely participation in committee activities. However, notwith- 
standing these difflculties, the results of the year’s efforts in committee-work have been 
most gratifying, as will readily appear from a review of the reports submitted for your 
consideration and action. 

(2) Finances . — By referring to the Secretary’s report, you will note that our finan- 
cial condition is quite satisfactory, considering the economic conditions. 

(3) Membership . — It is deeply regretted that business conditions have made it 
necessary for a considerable number of our members to withdraw their affiliation tem- 
porarily. It is earnestly hoped that with a return to normal business activities, we 
will regain all of these valued members. 

We have also sustained a loss of a number of valuable members by death during 
the year. The Association sincerely mourns their loss. 

(4) Other Activities.— In July of last year, Mr. R. H. Aishton, President of the 
American Railway Association, requested answers to the following questionnaire: 

(1) Are the maximum results and benefits being obtained from all the Engineer- 
ing Division’s activities at the present time? 

(2) Are there any problems with which the Division is now dealing or within 
the scope of its activities, that merit more intensive investigation and research? 

If so, (a)' What are such problems? 

(b) What is specifically recommended as to research and investigation? 

(c) What might be accomplished in the interest of economy and efficiency 

if such recommended work were undertaken? 

The views of present and former chairmen of committees, past and present officers, 
and of individual members were solicited, and based on the replies received, the follow- 
ing answers were returned to the questionnaire: 

(1) Yes. The activities of the Engineering Division have been conducted upon a 
sound basis, and results of great value to American railways have been accomplished. 
Research investigations already undertaken will undoubtedly add to the value of the 
work heretofore done. 
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(2) The Engineering Division’s committees are fully alive to the necessity of com- 
pleting work on certain controversial matters, and new problems are continually arising. 
Such new problems are being currently assigned as conditions permit. The most im- 
portant uncompleted and new problems are as follows: 

Construction and Maintenance Section 

(a) Further research on the general question of rail. 

(b> Stresses in track, including locomotive counterbalancing, and design of track. 

(c) Bearing power of soils. 

(d) Further tests on impact on bridges. 

(e) Further study and research of nickel steels and other alloy metals in struc- 

tures and equipment. 

(f) Study of the economic value of various basic and composite materials used in 

building construction and maintenance. 

Signal Section 

(a) Research to develop methods to secure proper shunting of track circuits by 

light-weight equipment. 

(b) Special study of efficiency and economy in the installation, maintenance and 

operation of signals, interlocking plants, etc. 

(c) Investigation and test of reflector signs for highway grade crossing protection 

and development of plans and specifications to cover. 

Electrical Section 

(a) Application of electric heat for various purposes. 

(b) - Proper application of motors, both standard and special. 

(c) Servicing equipment along right-of-way for air-conditioning and pre-cooling 

of cars. 

(d) Continue study of corrosion-resisting materials. 

(e) Power supply in connection with parking of Pullman cars in other than 

regular service. 

The subjects quoted above were approved by the Board of Directors of the Ameri- 
can Railway Association, and have been assigned to the proper committees for study 
and r^POft, 

At; the time your Association was founded in 1899, railroads virtually had a 
monopoly of the transportation of freight and passengers. In the decade following, 
mhhy new lines were constructed, existing lines extended hnd' fliSities expanded to pro- 
vide for future requirements. Within the last twenty years, however, the entire picture 
of tranaporta.tjpn has phanged with the advent of four formidable competing agencies, 
namely, the private automobile and the motor truck; the airplane; the inland water- 
ways, and. the pipe lines. 

These, active' competitors, some subsidized directly or indirectly by the Government, 
have created a situation seriously affecting railway revenues. We can have no objection 
to other of, transportation entering the field, provided they are economically 
spuBd,^ cgn oh their own feet, and are subjected to the same regulations as are 

the railways. We feel confident that railways can hold their own if given as free a 
hand as is accorded their competitors under similar conditions. 

1 'i^e“'hiffo<inction of these several forms of transportation has naturally created 
ne# problems, and Various groups and individuals are giving intensive study to the 
question of co-ordinating the new' inodes of transport in order that the public may be 
well served. 
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Your Association will have a prominent part in the solution of some of these prob- 
lems, and it can be safely assumed that it will adequately fulfill this important mission. 

In the past year we had twenty-six standing and three special committees; twenty- 
nine in all. To these committees there are 240 subjects assigned, of which the number 
of subjects reported in the 1932 Bulletins are 146. 

Approximately one-third of the entire membership of the Association serves on one 
or more committees, and I believe I am correct in stating that this is the largest pro- 
portion of representative membership serving its Association in any similar organization 
in the United States or in European countries. 

Besides this, we have committees collaborating between one another on sixty-four 
subjects. 

In view of probable future changes and carrying out in our own minds the 
thought of preparing ourselves for such changes in the application and use of engi- 
neering and maintenance, I have the following suggestions to make for consideration: 

Combining the work of Committee I — Roadway, with Committee II — Ballast. 

Combining the work of Committee III — ^Ties, with that of Committee XVII — W ood 
Preservation. 

Combining the work of Committee VII — ^Wooden Bridges and Trestles, with that of 
Committee XV — Iron and Steel Structures. 

Combining the work of Committee XI — Records and Accounts, with that of the 
work of Committee XX — Uniform General Contract Forms. 

The possibility of having Committee VI — Buildings, handle the work^ of engine 
houses and locomotive terminal buildings, which is now under the jurisdiction 
of Committee XIV — Yards and Terminals. 

Either broaden the work of Committee XXVI — Standardization, or have another 
committee to be a clearing house to make a survey of the findings or high 
spots of the various groups, and indicate the relationship which exists between 
the findings of one group and the findings of another group, or all groups. 

Individual research is, of course, valuable, but the trouble is that few men have 
the time (or ability) to put together the results of detailed efforts. 

Of course, we should guard ourselves against the possibility of making the mem- 
bership of each committee too great, or on the other hand, denying a great many 
members the opportunity of serving on committees, which might weaken the interest 
somewhat in the Association’s work. Still, I think this could be worked out without 
objection, 

I feel that your Association is the greatest of its kind in existence, not only because 
it undertakes investigations and scientific research in regard to plans and specifications, 
but also makes further study and research relative to the application and use of the 
same, and this is done prior to anything being adopted as recommended practice by your 
Association. 

With this in view, I feel that a more general adoption of the recommended prac- 
tices and standards of your Association should be urged and put into effect on every 
road possible in the interest of efficiency and economy of the railways in general. 

One of the problems with which we have been confronted in keeping up with the 
advance in transportation is the increase of axle loads which have affected track and 
structures as a whole. I believe the tendency will be toward lighter axle loads, with 
more uniform loads, which will aid and assist in working out our fixed general standards 
in the construction and maintenance field. 

We have heard the expression quite frequently that we are living in a machine age, 
but the machine cannot be blamed justly for everything we do not like in our lives, 
The world needs more machines — ^not less, but it needs to co-ordinate its affairs so that 
every new machine will be made to serve, and not harm men. 
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We arc all a part of an international world whose tariffs, currencies and customs 
affect our own, and due to a lack of co-ordination between us, wc are continually inter- 
fering with each other’s lives in a way which ultimately brings evil to all of us. 

I am not referring to co-operation. There is a vast difference. This reminds me 
of an Italian boy who was selected to make a speech in a public school. Father Maloney 
was going to be present, and all aunts and uncles. It was a great occasion, but, alas, 
it was discovered that the boy’s trousers were frayed and full of holes. There was no 
money in the family treasury. Finally, after a conference of the entire family, it was 
suggested that father’s trousers might do if rolled up at the bottom. Picturing himself 
standing before the audience in his father’s trousers rolled up filled the boy with alarm. 
However, the family council ruled it was the best they could do under the circum- 
stances. The family retired for the night worried and distressed. As the night wore 
on the sleepless mother thought; “I might slip down and cut off six inches off those 
trousers and no one would know who did it, and I would not be blamed, and the boy 
would be spared the disgrace of wearing his father’s trousers rolled up”, and she acted 
accordingly. Meanwhile, the sister was worrying about the same problem. With the 
desire to co-operate with her brother, she thought, ‘T might cut off .six inches from the 
bottom of father’s trousers and no one would know who did it, and brother would not 
have to wear them rolled up”. So just before dawn, she arose and proceeded to sheer 
six inches from the shortened trousers. In the morning it was evident that there had 
been co-operation without co-ordination, because the trousers then reached just a few 
inches below the knees of the boy. 

♦ ♦ * 

A year ago you honored me by election as President of your Association. In ac- 
cepting office, I expressed confidence of your support in “carrying on.” I have had 
many occasions to observe how efficiently the splendid organization which controls your 
affairs has performed the various duties involved in the development and management 
of an engineering society. The loyalty and great interest of the members generally 
have been the vital force guiding the administrative work of the Board of Direction 
and the committees. 

I now desire to express my obligation to my associates, the committee membership, 
and the members at large for their helpfulness in aiding me in the discharge of my 
duties. It only remains for me to say that I am extremely grateful for your considera- 
tion and helpfulness, and I am amply repaid if what I have said has been illustrative 
and interesting to you. (Applause.) 

The President — ^The next reports we have are those of the Secretary and the Treas- 
urer. Mr. Fritch, please. 

(Secretary Fritch read the reports of the Secretary and of the Treasurer.) 



REPORT OF THE SECRETARY 


March 1, 1933. 


To the Members: 


At the close of another year, it seems proper and fitting to briefly review 
what has been accomplished during that period. 

Committee-Work. — The results of the major activities carried on during 
the year are recorded in the series of excellent reports submitted for your con- 
sideration and action at the annual meeting. Notwithstanding the unusual 
business conditions which have prevailed during the past year, and which have 
naturally affected committee- work, reports of outstanding value and of timely 
interest have been formulated by the various committees, and you have been 
well served in this respect. 

Elsewhere in this report is a synopsis of the principal subjects on which 
reports have been rendered. It is of interest to note that a total of IS 7 sub- 
jects are dealt with in these reports. 

Outside Activities. — Contact with various organizations has been main- 
tained, among them being the following: American Railway Association, 
American Standards Association, American Society of Civil Engineers, Amer- 
ican Society for Testing Materials, Central Committee on Lumber Standards, 
Chemical Warfare Service of the U. S. Army, Chicago Engineering Council, 
Highway Research Board of the National Research Council, Committee on 
Automatic Train Control, Joint Committee on Concrete and Reinforced Con- 
crete, Joint Committee on Grade Crossing Protection, Joint Committee on 
Railway Sanitation, Manganese Track Society, National Scalemen’s Association, 
Portland Cement Association, Rail Manufacturers' Technical Committee, Uni- 
versity of Illinois Experiment Station, National Bureau of Engineering Regis- 
tration. 

Publications. — The customary number of Bulletins and Proceedings were 
issued during the year. In addition to the publication of committee reports, 
the Bulletins contained a number of valuable contributions from members on 
timely and interesting subjects, as follows: ''Review of the Performance of 
Steel Rails in American Railways," by C. W. Baldridge; "The Theory of Prob- 
ability Applied to Bridge and Building Loadings," by B. R. Leffler; "The Rail- 
roads — in Retrospect, in Prospect," by L. C. Fritch; "Rail Gage Plate, Adopted 
by the Southern Pacific Company, Pacific Lines,” by W, H. Kirkbride. 

Membership.— It is a matter of deep regret that it is necessary to record 
a loss in membership from the number reported on a year ago. This situation 
is due solely to economic conditions, but is hoped that when conditions im- 
prove, the losses sustained will be more than regained. 

The Board of Direction has taken sympathetic action in the case of mem- 
bers unable to meet their obligations during this critical period. 
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The status of the membership as of March 1, 1933, is as follows: 


Members on rolls as of March 1 , 1932 
Additions during the year 


Losses by death 

Resigned 

Dropped 

Suspended 

Membership as of March 1, 1933 


2723 

30 

2753 

rz 

11)0 

218 

36 442 

231 1 


Deceased Members.— The losses sustained by death during the year are 
recorded on following pages. Our departed associates materially aided in pro- 
moting the welfare of the Association, and their passing is deeply regretted. 

Geographical Distribution of the Membership, — On one of the follow- 
ing pages is an interesting table, showing the wide distribution of the member- 
ship of the Association. 

Finances. — ^It is a matter of congratulation that the Association has conae 
through the year with a comfortable margin of excess of receipts over disburse- 
ments. The jSnancial statement appended to this report gives in detail the 
financial status for the calendar year 1932. 

Vacancy in Board of Direction. — ^The vacancy in the Board of Direction, 
created by the death of E. A. Hadley, has been filled by the unanimous elec- 
tion, by the Board of Direction, of A, R, Wilson, Engineer Bridges and Build- 
ings, Pennsylvania Railroad, Chairman of the Committee on Iron and Steel 
Structures, 

In Conclusion. — Scientific societies, such as the American Railway Engi- 
neering Association, supply the needed facilities for the members to discuss their 
investigations, compare their experiences, and to place their data on record, 
where they are accessible to any Engineer for utilization in any part of the 
world. 

The social influences naturally following the frequent meeting face to face 
of earnest men, sweeps away a host of fancied differences, leading the way 
step by step to mutual helpfulness and cooperation. 

The influential position now held by the Association came not by happy 
accident, but by the earnest work of men who stamped their own character 
upon it, for your Association, like all human institutions, is what its members 
have made it. If it has high ideals, it is because its members cherished such 
ideals in their thoughts— they hoped for their realization, and, finally, by 
well-directed efforts, saw them crystallize in this organization. 


Secretary. 



Secretary's Report 


21 


Railway Executives on Membership Rolls. — ^It is particularly gratify- 
ing to record the continued aiffiliation of Railway Executives on our rolls, as 
exemphfied in accompanying table. 


Atcliison, Topeka Sc Santa Fe W. B. Storey, President 

Atlanta, Birmingliam & Coast .B. E. Bug-gr, President 

Atlantic Coast Line . L. Delano, Chairman of Board 

G. B. Elliott, President 

Baltimore & Ohio Daniel Willard, President 

Baltimore & Ohio Chicago Terminal. PC. B. Voorhees, President 

Boston Sc Maine E. S. French, President 

Canadian National .....S. J. Hungerford, Chairman and 

President 

Canadian Pacific E. W. Beatty, Chairman and Pres- 

ident 

Central of Georgia H. D. Pollard, Receiver 

Central of New Jersey W. G. Besler, Chairman of Board 

R. B. White, President 

Chicago, Burlington & Quincy Ralph Budd, President 

Chicago, Rock Island & Pacific J. E. Gorman, President 

Chicago & Eastern Illinois C. T. O’Neal, President 

Colorado Sc Wyoming Arthur Roeder, President 

Delaware, Lackawanna & Western. J. M. Davis, President 

Dominion Atlantic Grant Hall, President 

Elgin, Joliet Sc Eastern S. M. Rogers, President 

Erie C. E. Denney, President 

Eureka Nevada J- H. Sherburne, President 

Huntingdon Sc Broad Top Mountain. J. Bancroft, President 

Illinois Central L. A. Downs, President 

Jacksonville Terminal J- L. Wilkes, President 

Kansas City Southern C. E. Johnston, P^sident 

Kansas City Terminal P. J. Watson Jr., President and Gen- 

eral Superintendent 

Lehigh Valley S;. ^ President 

Louisville & Nashville W. R. Cole, President 

Minneapolis, St. Paul Sc Sault Ste. ^ ^ ^ ^ x 

Marie C. T. Jaffray, President 

Missouri— Kansas— Texas K. Cahill, Chairman and Presi- 

dent 

Missouri Pacific President 

Mobile Sc Ohio E. E. Norris. Receiver 

Montana, Wyoming & Southern W. H. Bunney, President and Gen- 

eral ’NLsl.ix&s 

'Voflc C'^ntral Lines . ....... !P» E!. illiamson, !President 

New York, Chicago & St! Louis W. L. Ross, President (retired) 

New York, New Haven & Hartford.. J. X President 

New York, Ontario Sc Western J. H. Nuelle, 

Northern Pacific .Charles Donnelly, President 

Norfolk & Western! ! ! . ! A. C. Needles, President 

Pennsylvania System 

Peoria & Pekin Union E. I. Rogers, President 

■Oeodinsr C. H. Ewing, President 

Snr fries' Rail wav T. H. Steffens, President 

Savannah M Atlanta Railway. E,eceiver and General 

Manager 

St Louis— San Francisco J- M. Kurn, Receiver 

St. Louis -Southwestern Railway. . . 

tive Committee 

Saa board Air Line .L. PL. Powell, Receiver 

Southern Railway System S^i’^^^W(V?dAr^^^Ch^rman^^Executive 

Southern Pacific E:^e Holden, Chairman Executive 

Co tnrn. 1 1 L 6 6 

A. D. McDonald, President 

TiSSesfll’ CentAf^ ^ ! ! i Ih. W.^tenlly’, Prilldint 

rrSion Pacifi^ ."!!!! Carl R. Gray, President 

Western Pacific T. M. Schumacher, Chairman Execu- 

western Committee 
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JBeceatfeb iilembcrjaf 


L. L. Beall 

Chief Engineer, Atlanta, Birmingham & Coast Railroad 


Miles Bronson 

Retired Terminal Engineer, New York Central Railroad 

E. B. Brooks 

Assistant Engineer, New York Central Railroad 

G. M. Callahan 

Assistant Engineer, New York Central Lines 


O. P. Chamberlain 
V ice-President, Dolese & Shtpard Company 

C. J. Chase 

Assistant Engineer, Boston & Maine Railroad 

W. C. Coles 

Office Engineer, Baltimore & Ohio Railroad 


J, B. Cox 

Consulting Engineer; Charter Member 


B. V. Davis 

Division Engineer, Chesapeake & Ohio Railway 


A. T. Dice 

President, Reading Company 

E. F. Gorman 

Resident Engineer, Reading Company 

E. W. Grant 
C ivil Engineer 


E. A, Hadley 

on Automatic Tram Control, American Railway Association 


L. C. Hartley 

Retired Chief Engineer, Chicago & Eastern Illinois Railway 
F. E. Hatch 

Superintendent, Illinois Central System 


B. O. Johnson 

Retired Vice-President-Operation, Northern Pacific Railway 
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©eceasfeb ii^lembers^ 


R. Kohler 

Civil Engineer; Charter Member 
A. C. Mackenzie 

Engineer Maintenance of Way, Canadian Pacific Railway 

J. R. C. Macreadie 
D istrict Engineer, Canadian Pacific Railway 

J. E. McMahon 

Superintendent, Atchison, Topeka & Santa Fe Railway 
J. G. Meenan 

Roadinaster, Trinity & Brazos Valley Railway 
J. L. Miller 

Engineer of Bridges, New York Central Railroad 
A. J. Neafie 

Principal Assistant Engineer, Delaware, Lackawanna & Western Railroad 
J. N. Pariseau 

Chief Draftsman, Northern Pacific Railway 
F. J. Reinke 

Chief Engineer, St, Louis Material & Supply Company 
H. H. Robinson 

Road master, Portland Terminal Company 

S. A. Seely 

Division Engineer, New York Central Railroad 
P. B. Spencer 

Engineer of Structures, New York, New Haven & Hartford Railroad 
J. D. Wardle 

Chief Engineer, Cedar Rapids & Iowa City Railway 
J. T. Westbrook 

Assistant Engineer, Illinois Central System 

C. V. Weston 

Consulting Engineer, Chicago Surface Lines 


M, A. Zook 

President, Montana, Wyoming & Southern Railroad 
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geographical distribution of membership 

United States anjj INjshessions 


Alabama B 

Arizona * • ^ 

Arkansas * 26 

California 61 

Colorado * . 14 

Connecticut 25 

Delaware 1 

District of Columbia .......... 29 

Florida 19 

Georgia 26 

Hawaii * 1 

Idaho 4 

Illinois 313 

Indiana 37 

Iowa 17 

Kansas * . 43 

Kentucky 30 

Louisiana I9 

Maine n 

Maryland 43 

Massachusetts 3S 

Michigan 48 

Minnesota 

Mississippi ^ , jq 

Missouri 174 

Montana 0 


Nebraska 33 

Now Hampj^hiro 6 

New Jorncy 43 

New Mexico 1 

New York ..... 200 

North Carolina 17 

North Dakota 1 

Ohio 164 

Oklahoma 13 

Oregon 4 

P^mylvania 177 

Philippine Inlands 2 

Puerto Rico i 

Rhode Intand 3 

Tennessee 18 

Texan 02 

Utah 8 

Vermont 7 

Virginia 100 

Washington 25 

West Virginia 23 

Wisconsin 10 

Wyoming 1 


2050 


Other CoimraiiH 


Canada 

Japan 

Mexico 

Union Soc. Sov. Republics 

China 

Argentine 

Australia 

Brazil 

England 

Manchuria 

Central America 

Cuba 

India 

Africa 

Czecho-Slovakia 


125 

28 

15 

12 

11 

8 

8 

8 

6 

6 

5 

5 

5 

2 

2 


Colombia ....... 

Germany ........ 

Siam , 

Bolivia 

Egypt 

France 

Jamaica .... 

Korea 

Scotland 

Spanish Honduras 
Sudan .......... 

Switzerland ..... 


2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 


261 
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Railways Represented, Mileage and Number of Members.- 
Statistics covering this feature are given in the following table. 


RAILWAYS REPRESENTED IN THE AR.E.A., MILEAGE AND 
NUMBER OF MEMBERS 


Akron, Canton Sc Youngstown Railway.. 
Algoma Central & Hudson Bay Railway. 

Alton & Southern Railroad 

Arkansas Railroad Company 

Arkansas & Louisiana Missouri Railway. 
Atchison, Topeka & Santa Pe Railway Sys 
Includes Gulf, Colorado & Santa Pe 
Panhandle & Santa Fe 
Atlanta, Birmingham & Coast Railroad.. 

Atlanta & West Point Railroad 

Atlantic Coast Line Railroad 

Baltimore & Ohio Railroad System 

Alton Railroad 

Bangor & Aroostook Railroad 

Bessemer Sc Lake Erie Railroad 

Bingham & Garfield Railway 


Brantford Steam Railroad 

Brooklyn Manhattan Transit Corporation 9 

Burlington— Rock Island Railroad 367 

Butte, Anaconda & Pacific Railway 65 

Canadian National Railways 21,926 

Central Vermont Railway 462 

Grand Trunk Western Railway • 1.448 

Canadian Pacific Railway 16,040 

Central of Georgia Railway 2,021 

Central Railroad of New Jersey 693 

Chesapeake Beach Railway ^ 28 

Chesapeake Sc Ohio Railway 3,120 

Chicago Sc Eastern Illinois Railway 946 

Chicago, Burlington Sc Quincy Railroad ?»??§ 


Chicago, Indianapolis & Louisville Railway 

Chicago, Milwaukee, St. Paul & Pacific Railroad. 

Chicago Railway Terminal Commission 

Chicago Rapid Transit Company 

Chicago, Rock Island & Pacific Railway 


Chicago Union Station Company 

Chicago, West Pullman Sc Southern Railroad. 


Chicago Sc Western Indiana Railroad., ^71 

Cincinnati, New Orleans & Texas Pacific Railway.... 338 

Cincinnati Union Terminal Company 

Cleveland Union Terminals Company .* oO 

Colorado & Southern Railroad 

Colorado & Wyoming Railroad 40 

Columbia & Cowlitz Railway » 

Danville & Western Railroad 83 

Delaware Sc Hudson Compamy. 

Delaware, Lackawanna & Western Railroad 998 

Denver & Rio Grande Western Railroad 2,662 

Des Moines Union Railway.......... fs 

Detroit Sc Toledo Shore Line Railroad 50 

Detroit, Toledo & Ironton Railroad 509 

Dominion Atlantic Railway 305 

Duluth, Mlssabe & Northern Railway 568 


Erie Railroad 

Eureka Nevada Railway. 


Port Smith & Western Bai; 


Georgia Railroad. 


Houston Belt & Terminal Railroad. 
Hudson & Manhattan Railroad 


Mileage 

Memhe 

171 

1 

323 

1 

22 

1 

20 

1 

85 

1 

13,568 

72 

637 

3 

227 

1 

5,317 

17 

5,640 

86 

1,052 

5 

619 

2 

228 

6 

40 

1 

2,090 

28 


1 

’ ' '9 

1 

367 

1 

65 

1 

21,926 

59 

462 

2 

1,448 

8 

16,040 

35 

2,021 

15 

693 

■ 13 

28 

1 

3,120 

88 

946 

.5 

9,325 

24 

1,495 

7 

652 

3 

11,363 

29 


1 


2 

7,592 

44 

1,747 

2 


1 

"si 

1 

132 

1 

8,462 

14 

71 

8 

338 

1 


5 

’ '60 

2 

1,038 

1 

40 

1 

8 

1 

83 

1 

924 

13 

998 

22 

2,662 

3 

28 

1 

50 

3 

509 

2 

305 

1 

568 

6 

453 

5 

2,660 

34 

88 

1 

869 

9 

250 

1 

697 

2 

502 

1 

329 

1 

8,605 

17 

733 

1 

24 

1 

9 

1 


Numh&t' oj 
Mileage Members 



Huntingdon & Broad Top Mountain Railroad & Coal 

Company 

Illinois Central System 

Illinois Terminal Railroad System 

Indianapolis Union Railway 

Interborough. Rapid Transit Company 

Interstate Railway 

Jacksonville Terminal Company 

Kansas City Southern Railway 

Kansas City Terminal Railway 

Kentucky & Indiana Terminal Railroad 

Key System Transit Company 

Lake Superior & Ishpeming Railroad 

Lehigh & Hudson River Railway 

Lehigh & New England Railroad 

Lehigh Valley Railroad 

Los Angeles Junction Railway... 

Louisiana, Arkansas & Texas Railway 

Louisiana & Arkansas R-ailway. 

Louisville & Nashville Railroad.. 

Maine Central Railroad 

Mexican Railway 

Midland Continental Railroad 

Midland Valley Railroad 

Minneapolis & St. Louis Railroad 

Minneapolis, St. Paul & Sault Ste. Marie Railway 

Minneapolis Street Railway Company 

Minnesota Transfer Railway 

Mississippi Central Railroad - 

Missouri & North Arkansas Railway 

Missouri— Kansas-Texas Lines 

Missouri Pacific Lines: 

Gulf Coast Lines 

International Great Northern Railroad 

Missouri— Illinois Railroad 

Missouri Pacific Railroad 

Mobile Sc Ohio Railroad 

Montana, "Wyoming & Southern Railroad 

Montour Railroad 

Montreal Tramwaj-s Company 

Muncle & Western Railroad 

Nashville, Chattanooga & St. Louis Railway 

National Railways of Mexico 

Newburgh & South Shore Railway 

New Orleans & Lower Coast Railroad 

New York Central Lines: 

Boston & Albany Railroad 

Cleveland, Cincinnati, Chicago & St. Louis Railway 

Indiana Harbor Belt Railroad . . . 

Michigan Central Railroad 

Peoria & Eastern Railway 

Pittsburgh. & Lake Erie Railroad 

New York Central Railroad 

Nicholas, Fayette & Greenbrier Railroad 

New York, Chicago & St, Louis Railroad 

New York, New Haven & Hartford Railroad 

Connecticut Company 

New York, Ontario & Western Railway 

Niagara Junction Railway 

Norfolk & Western Railway 

Norfolk Southern Railway 

Northern Pacific Railway 

Northwestern Pacific Railroad 

Oklahoma Railway 

Oregon & Northeastern Railroad 

Pennsylvania Railroad 

Long Island Railroad 

Peoria & Pekin Union Railway ’ , 

Pere Marquette Railway ] 

Piedmont & Northern Railway 

Pittsburgh & West Virginia Railway 

Pittsburgh, Chartiers Sc Youghiogheny Railway 

Pittsburgh, Lisbon & Western Railroad 

Pullman Railroad 

Public Service Railroad of New Jersey * ’ 

Quanah, Acme & Pacific Railway 

Reading Company 

Atlantic City Railroad .!!*!.*.! 

Richmond, Fredericksburg & Potomac Railroad 
Rio Grande & Eagle Pass Railway 


74 

1 

6,762 

67 

578 

4 

16 

- 


3 

* *74 

1 

o 1 

1 

916 

16 

26 

4 

8 

1 

135 

1 

161 

1 

97 

1 

217 

4 

1,362 

11 

8 

1 

202 

1 

608 

2 

5,280 

14 

1,121 

8 

486 

1 

69 

1 

363 

1 

1,627 

2 

4,397 

8 


1 

' 146 

1 

150 

1 

368 

1 

3,189 

31 

1,173 

16 

1,160 

10 

202 

3 

7,451 

127 

1,169 

3 

34 

1 

57 

2 

* * • • 

1 

4 

1 

1,203 

4 

6,920 

9 

83 

1 

60 

1 

410 

11 

2,745 

34 

120 

2 

1,858 

16 

211 

2 

231 

8 

5,743 

82 


1 

1,698 

18 

2,133 

29 

*669 

1 

4 

6 

1 

2,240 

20 

933 

8 

6,962 

41 

440 

3 

155 

1 

51 

\ 

10,625 

78 

404 

5 

168 

2 

2,265 

13 

176 

1 

136 

1 

23 

1 

23 

1 

6 

1 

40 

1 

126 

1 

1,644 

28 

164 

1 

118 

2 

25 

1 



Secretary's Rep o r t 


27 


Number o/ 
Mileage Members 


Rutland Railroad 413 

Sacramento Northern Railroad 274 

Sand Springs Railway 32 

San Francisco, Napa Calistoga Railway 46 

Savannah & Atlanta. Railway 147 

Seaboard Air Line Railway 4,492 

Southern Railway System.., 8,051 

New Orleans & Northeastern Railway 202 

Southern New England Railroad 

Southern Pacific System 9,130 

Southern Pacific Company of Mexico 1,370 

Southern Pacific Lines in Texas & Louisiana.... 4,722 

Houston & Texas Central Railroad 

St. Louis-San Francisco Railway 5,811 

St. Louis Southwestern Railway 1,914 

Tela Railroad 244 

Temiskaming & Northern Ontario Railway 443 

Tennessee, Alabama «fe Georgia Railway 95 

Tennessee Central Railway 296 

Tennessee Coal, Iron & Railroad Company 

Terminal Railroad Association of St. Louis 62 

Texarkana & Port Smith Railway 81 

Texas & Pacific Railway 1,955 

Texas Pacifle-Missouri Pacific Terminal Railroad 

of New Orleans 10 


Toledo & Western Railroad 79 

Toledo, Peoria & Western Railroad 239 

Toledo Terminal Railroad 29 

Toronto, Hamilton & Buffalo Railway. Ill 

Toronto Harbor Commission 


Toronto Terminals Railway. 


Union Pacific System: 

IjOS Angeles & Salt Lake Railroad 

Oregon Short Line Railroad 

Oregon—Washlngton Railroad & Navigation Com- 
pany 

Union Pacific Railroad 

Union Railroad (Pittsburgh) 

Union Terminal Company (Dallas) 

Utah Railway 

Virginian Railway 

Wabash Railway 

Ann Arbor Railroad 

Washington, Idaho & Montana Railway 

Washington Terminal Company 

Waterloo, Cedar Falls & Northern Railway 

Western Maryland Railroad 

Western Pacific Railroad 

Wheeling & Lake Erie Railway 

Yosemlte Valley Railroad 


1,230 

2,549 

2,365 

3.765 

46 

16 

111 

562 

2,524 

294 

50 

2 

113 

896 

1,052 

537 

78 


2 

1 

2 

1 

1 

15 

30 

1 

1 

36 

4 

10 

1 

8 

11 

2 

1 

1 

1 

1 

4 

1 

12 

2 

1 

1 

3 

1 

1 

3 

7 

4 

1 

25 

2 

1 

1 

6 

45 

6 

1 

1 

1 

11 

4 

6 

1 
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FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING 
DECEMBER 31, 1932 

Balance on hand January 1, 1932 $66,471.31 


RECEIPTS 


Membership Account 

Entrance Fees $ 400.00 

Dues 19,952.04 

Binding Proceedings 1,806.98 

Badges 3.50 

Sales of Publications 

Proceedings 1,495.25 

Bulletins 1,425.84 

Manual 677.45 

Specifications 443.20 

Track Plans 130.00 

Advertising 

Publications 1,189.60 

Interest Account 

Investments 2,645.57 

Bank Balance 70.92 

Miscellaneous 117.91 


Total $30,358.26 


DISBURSEMENTS 


Salaries 

Proceedings 

Bulletins 

Track Plans 

Stationery and Printing 

Equipment 

Rents, Light, etc 

Supplies 

Expressage 

Postage 

Exchange 

Committee Expenses . . . 

Officers’ Expenses 

Annual Meeting 

Refunds, Dues, etc 

Audit 

Pension (A. K. Shurtleff) 
Miscellaneous 


$ 8,595.42 
4,588.67 
5,704.46 
1,307.17 
728.62 
118.56 

830.00 

32.77 
236.58 
626.35 

81.77 
54.80 

42.50 
975.81 

28.50 

200.00 

1 , 200.00 

49.97 


Total 


$25,401.95 


Excess of Receipts over Disbursements 


$ 4,956.31 


Balance on hand December 31, 1932 


$71,427.62 


Consisting of 


Bonds .*••••«•% 

Cash in City National Bank . . 
Cash in Royal Bank of Canada 
Petty Cash 


$67,316.02 

2,859.15 

1,227.45 

25.00 


$71,427.62 



32 


Business Session 


REPORT OF THE TREASURER 


Balance on hand January 1, 1932 

Receipts during 1932 

Paid out on Audited Vouchers, 1932 


$66,471.31 

$30,358.26 

25,401.95 


Excess of Receipts over Disbursements $ 4,956.31 

Balance on hand December 31, 1932 $71,427.62 


Consisting of Bonds at Cost $67,316.02 

Cash in City National Bank 2,859.15 

Cash in Royal Bank of Canada 1,227.45 

Petty Cash Fund 25.00 


$71,427.62 


STRESSES IN TRACK FUND 


Balance on hand January 1, 1932 $ 5,482.61 

Received from Interest during 1932 43.11 

Total $ 5,525.72 

Paid out on Audited Vouchers during 1932 2,313.97 

Balance of fund on hand December 31, 1932 3,211.75 


The Securities listed above are in a Safety Deposit Box of the City National 
Bank & Trust Company. 

Respectfully submitted, 

A. F. Blaess, Treasurer. 


I have made an audit of the accounts of the American Railway Engineer- 
ing Association for the year ending December 31, 1932, and find them to be in 
accordance with the foregoing Financial Statements. 

Charles Campbell, Auditor. 


GENERAL BALANCE SHEET 


December 31, 1932 


Assets 

Due from Members 

Due from Sales of Publications 

Due from Advertising 

Due from Rail Investigations 

Furniture and Fixtures 

Gold Badges 

Publications on hand (Estimated) 

Manual (1929) 

General Index 

Extensometers 

Investments (Cost) 

Interest on Investments (Accrued) 

Cash in City National Bafik & Trust Company 

Cash in Royal Bank of Canada 

Petty Cash 


1932 

1931 

$ 5,487.96 

$ 6,242.50 

201.25 

187.85 

120.00 

160.00 

691.50 

753.75 

506.00 

569.00 

40.00 

42.50 

2,000.00 

3,000.00 

1,700.00 

3,712.00 

3,269.89 

400.00 

450.00 

67,316.02 

57,411.02 

542.79 

421.24 

2,859.15 

1,227.45 

9,035.29 

25.00 

25.00 


Total 


$83,117.12 $85,280.04 


Liabilities 

Member’s Dues paid in advance 
Surplus 


1 4,356.50 $ 5,690.00 

78,760.62 79,590.04 


$83,117.12 $85,280.04 


Total 
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SYNOPSIS OF COMMITTEE REPORTS 


Committee on Roadway (C. W. Baldridge, Chairman). — Consideration 
of the subject of roadbed drainage has been continued in accordance with the 
outline adopted in 1931, the present report dealing with French or rock drains. 
The prevention of soft spots and water pockets is dealt with comprehensively 
. . . . The Committee has also made a study of the service life of fence 
wire and specifications for railway fence wire. . . . An interesting report 
is presented on the use of portable cribbing in place of rigid retaining walls 
and the utility of the different kinds of cribbing, illustrating a number of typi- 
cal installations. ... In connection with the subject of the physical prop- 
erties of soils and their effect on roadbed performances, the Committee states 
it is undertaking a review of available data on the physical characteristics of 
soils as found in natural deposits and as disturbed from their natural position 
to form embankments. . . . Continuing its study of drainage areas and 

water run-off and the proper size of waterway openings, the Committee sub- 
mits two additional formulas to supplement those appearing in previous volumes 
of the Proceedings; also additional conclusions based on further study are pre- 
sented. ... A valuable report is offered on methods of correcting soft 
spots in railway roadbed where it is impracticable to stabilize by drainage, the 
different methods being illustrated. . . . Study has been given to desirable 

width of roadbed in cuts and on fills and desirable slopes of banks under vary- 
ing conditions of present-day loadings. . . . The ' Committee has also given 

study to methods of protecting against drifting snow and methods of removal 
of snow on the line and in yards and terminals, and has divided the subject 
into two sections — protection and removal. . . . During the past two years 

the Committee has been engaged in the formulation of specifications for pipe 
line crossings under railway tracks. In the current report the specifications are 
resubmitted and are offered for approval and insertion in the Manual. Since 
the promulgation of the report, a conference has been held with representatives 
of tlxe American Petroleum Institute, at which a number of changes have been 
proposed. 

Committee on Ballast (A. P. Crosley, Chairman) . — ^The Committee has 
continued its study of specifications for prepared gravel ballast, including best 
method of testing for hardness, abrasion and resistance to weathering, and pre- 
sents in tabular form the replies to questionnaire on the extent the Association’s 
present specifications for prepared gravel ballast are being used and on the 
service record in the roadbed of specific gravels on which detailed laboratory 
tests have been carried out. . . . As a result of further study of specifica- 

tions for stone ballast, including method of testing resistance to weathering, a 
modified abrasion test is submitted as information. . . . An interesting and 

valuable report on comparative costs of maintaining track on various kinds^ of 
ballast is presented. ... In studying the subject of proper depth and kind 
of sub-ballast, the Committee finds it advisable to recommend certain revisions 
in the Manual, including a definition of sub-ballast, proper depth of ballast, 
and changes in captions of ballast sections. 

Committee on Ties (W. J. Burton, Chairman) .—The Committee has con- 
tinued its study of adherence to standard specifications for cross-ties, and re- 
ports additions to the mileage of roads covered by the American standard, . . . 
For many years, this Committee has reported on the use of substitute ties and 
in the current report statements are included of roads making tests of such 
substitute ties. Tables are presented giving complete data on tests of substi- 
tute ties in the United States. . . . Extremely valuable data is presented m 

the form of tables relating to tie renewal averages per mile maintained Ihe 
tables include density of traffic figures, useful for making comparisons of items 
of track maintenance other than ties, as well as when ties are subject of m- 
quiry. . . . An interesting report is presented on method of proper com- 

A 
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parison of renewal costs per mile maintained, with adjustment for variables, 
such as traffic density, rate of installation of treated ties, etc. . . . As the 

first step in a study of the subject of tie renewal practice, including method of 
inspection and renewal, check of such inspection and adherence to such inspec- 
tion, a questionnaire has been issued to develop the data necessary to draw 
conclusions and to make recommendations. . . . On the economies of the 

use of 8-ft, 6-in. and 9-ft. ties as compared with 8-ft. ties, the Committee, to 
secure additional data, considers it necessary to establish one or more test sec- 
tions, but in view of business conditions, it has been impracticable to install 
such test sections during the past year. ... A valuable report is presented 
on the economical uses for old ties which must be removed from track and 
bridges. 

Committee on Rail (Eael Stimson, Chairman ). — ^Under the heading, 
'‘Revision of Manual,” the Committee offers a number of important changes, 
including (a) reduction of the carbon content and adjustment of manganese 
content in the Rail Specifications; (b) change in silicon content; (c) classifi- 
cation markings; (d) branding and stamping; (e) revision of form for report- 
ing rail failures in main track. . . . The Committee reports briefly on the 

present status of the joint investigation being carried on at the University of 
Illinois by the Rail Committee and the Rail Manufacturers’ Technical Com- 
mittee, to determine the cause and remedy for transverse fissures and other rail 
failures. . . . The report also includes rail failure statistics and transverse 

fi,ssure statistics for 1931; also, operating results of the A.R.A. Rail Fissure 
Detector Car. . . . Specifications for Spring Washers are presented for the 

use of those who purchase such device. . . . Relative merits of rail sections 

heavier than 100-lb. per yard from the standpoint of economical distribution 
of metal and strength, are discussed, and in connection with this phase of the 
subject, the Committee recommends the withdrawal from the Manual of the 
120-, 140- and iSO-lb. R.E. Rail sections; and in lieu of the 130-lb. R.E. rail 
section, the Committee offers for approval and insertion in the Manual a new 
131-lb. R.E. rail section. . . . An illuminating article is included entitled 

“The Design of a Rail Section,” by Robt. Faries, a member of the Committee. 

Committee on Track (C, R. Harding, Chairman ) . — A comprehensive and 
valuable report is presented on the subject of string lining of curves by the 
chord method, with tables suitable for the use of trackmen. . . . The Com- 

mittee submits a revised plan for claw bar, including an alternate claw bar. . . . 
A plan showing the application of wing wheel risers to manganese steel frogs 
is offered for approval. ... In connection with the subject of track con- 
struction in paved streets, the Committee presents a plan for approval entitled 
“Straight Double Tongue Switches for Engine Wheel Base not over 14 ft. 6 in. 
for Use in Paved Streets.”. ... A most valuable report is presented on the 
subject of gage of track and elevation of curves with reference to the use of 
roller bearings on railway equipment. . , . Another useful and practical 
report is offered on selective welding up at joints, instead of welding out of 
face. . . . Standard wheel flanges, treads and gages are discussed and a 

revised plan is offered for approval. . . . Damage from brine drippings 

from refrigerator cars is dealt with briefly. 

Committee on Buildings (A. L. Sparks, Chairman ) . — In line with its 
assignment, “Preparation of Specifications for Railway Buildings,” the Com- 
mittee presents Section 29, Electrically Operated Freight or Baggage Elevators, 
for criticism and discussion. ... A comprehensive report is presented on 
modern methods of heating small railway buildings, showing comparative ad- 
vantages of warm air, hot water, steam and possibly fan-unit systems. . . . 

The Committee also submits a valuable report on the design and construction 
of modem fruit and produce terminal buildings. . . . (Reference is here 

made to the report on produce terminals of the Yards and Terminals Com- 
mittee in 1932, Vol. 33, pp. 116—125). . . . An excellent report is made on 

the use of materials other than brick, stpne and cement in exterior and interior 
walls, partitions, floors and ceilings of buildings. 
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Committee on Wooden Bridges and Trestles (Col. H. Atjstill, 
Chairman) . — A number of changes in the Manual are proposed. . . . Prog- 

ress is reported on a number of subjects, including simplification of grading 
rules and classification of timber for railway usesj overhead wooden or com- 
bination wooden and steel highway bridges; design of standard wooden trestles 
for heavy loadings; relative merits of concrete and treated wooden trestles; 
bearing power of wooden piles, and method of determination; improved design 
of timber structures to give longer life with lower cost of maintenance, and 
design of washers, separators, cap stringer straps and other trestle fastenings. 
. , . The Committee presents a supplemental report on the subject of best 

relationships between the energy of hammer and weight or mass of pile for 
proper pile driving. , . . An interesting report is offered on improved 

methods of strengthening existing bridges. 

Committee on Masonry (M. Hirschthal, Chairman) . — ^In the current 
report of the Committee, a number of revisions of the Specifications for Port- 
land Cement Concrete, Plain or Reinforced, are proposed and are recommended 
for approval. In connection with the subject, Specifications and Principles of 
Design of Plain and Reinforced Concrete, the Committee presents a design for 
a ballasted deck reinforced concrete trestle, with sections and details. Under this 
same heading there is presented an important monograph by Prof. Hardy Cross, 
a member of the Committee, entitled “Rigid Frame Bridges.’’ Progress is re- 
ported on developments in the science and art of concrete manufacture, under 
the heading “Curing.” An especially valuable report is presented under the 
heading “Specifications for Repairing Deteriorating Concrete,” and which are 
submitted for insertion in the Manual. In connection with the subject, “De- 
sign of Expansion Joints Involving Masonry Structures,” the Committee pre- 
sents a series of sketches of expansion joints involving masonry structures to 
meet various conditions. 

Committee on Grade Crossings (J. G. Brennan, Chairman). — ^The 
Committee has collaborated with the Signal Section in developing detail plans 
of “Number-of-Tracks” sign, both painted and reflector lenses; also, in the 
preparation of detail plans of the illumination of highway cross-buck signs by 
means of reflector lenses. . . . Signal Section specifications on reflector 

units and railroad highway grade crossing signs are presented and are recom- 
mended for endorsement, ... A revision of the highway crossing sign, 
heretofore adopted, is submitted, by omitting the 50-degree angle shown be- 
tween the blades. ... A comprehensive table is presented, consisting of 
laws, regulations and practices governing dimensions and clearances affecting 
construction, protection, elimination and separation of grades of highway grade 
crossings, of the several states and of the provinces of Canada. . . . The 

laws and practices for determining division of costs of highway grade crossing 
separations are given in abstract form and in tabular form. . , . An inter- 

esting report on the use of concave street sections for grade separation subways 
and transition from crown to concave sections is presented. ... As a result 
of its study of the subject of stock guards — ^types, uses and necessity, the Com- 
mittee submits its findings, based on replies to a questionnaire, that in some 
sections of this country, due to changed conditions, stock guards are no longer 
required, while in other parts of the country they are still in use. 

Committee on Signals and Interlocking (P. M. Gault, Chairman).— 
The Committee reports progress on developments of automatic train control. 

. . On the subject of increased efficiency secured in railway operation by 

signal indications in lieu of train orders and timetable superiorities, the Com- 
mittee presents an interesting report on the economic results of the Missouri 
Pacific installation, including a statement of the total saving effected in 1930 
over 1929 . . .A synopsis of the current activities of the Signal Section 

is included in the report. ... An interesting report is made on the posri- 
bility of providing suitable protection at less cost than the present-day practice 
for both construction and maintenance of signals and interlocking. . . . The 

Committee presents a report on the use of flashing lights in railway signals, 
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and dtes the practice of the Missouri Pacific, Pennsylvania, Southern Pacific, 
and Michigan Central Railroads. 

Committee on Records and Accounts (C. C. Haire, Chairman ), — ^The 
Committee presents a comprehensive bibliography on the general railway situa- 
tion; on valuation; and on depreciation accounting. ... A valuable report 
is presented on drawings and drafting room practices, including a revision ci 
the graphic symbols now in the Manual. . . . Further study has been given 

during the year to the various forms either in the Proceedings or the Manual, 
to determine which forms are obsolete and of little use; which forms should be 
held in abeyance, and which should be retained, with or without revision, 
bearing in mind that a proposed new uniform system of accounts embodying 
depreciation accounting is under consideration, and it is therefore deemed best 
to hold these matters in abeyance for the present. . . . The Committee 
reports progress on methods used in recapture proceedings. . . . Progress 

is also reported on the subject of developments under I.C.C. Order No. ISIOO — 
Depreciation Charges of Steam Railway Companies. . . . Similarly, prog- 
ress reports are made on methods for avoiding duplication of effort and for 
simplifying and coordinating work under the requirements of the I.C.C. and 
on practice to be followed in preparing data with respect to valuation, alloca- 
tion of operating and maintenance costs to various zones and allocation of 
costs to specific services rendered. 

Committee on Rules and Organization (E. H. Barnhart, Chairman ) . — 
A revision of the rules for the inspection of bridges, trestles and culverts is 
offered for approval. . . . Rules for the Maintenance of Bridges — ^Masonry, 

and Rules for the Maintenance of Terminal Structures other than Buildings 
are presented for approval and insertion in the Manual. . . . The Com- 

mittee presents for discussion appropriate titles for Assistant Engineers, with 
the view of later offering definite recommendations for insertion in the Manual. 

. . . A series of rules for fire prevention as applying to the Maintenance of 
Way Department are presented as information at this time, with the expecta- 
tion of later submitting such rules for final approval. 

Committee on Water Service and Sanitation (R. C. Bardwell, Chair- 
man ). — ^Tables showing detailed weights and dimensions for various classes of 
cast iron pipe and fittings, inadvertently omitted from the Manual, are sub- 
mitted for inclusion therein. . . . The Committee has continued its study 

of methods and value of water treatment with respect to estimating and sum- 
marizing possible savings effected and contributes additional valuable data. 
. . . Methods for reporting annual summary water station and treating 

plant operation are interestingly discussed. . . . Continuing its study of 

developments of deep well pumping equipment, the Committee presents a valu- 
able report. The subject is reviewed and mentions improvements in deep well 
equipment, A series of conclusions are submitted as information. . . . 

Standard methods for analyses of chemicals used in water treatment are offered 
for approval and insertion in the Manual. . . . Reference is made to the 

report of the Joint Committee on Railway Sanitation, issued by the American 
Railway Association, and comments are made thereon. . . . An interesting 

and valuable report is presented on sewage disposal where sanitary facilities 
are not available. 

Committee on Yards and Terminals (H. L. Ripley, Chairman ). — The 
Committee presents formulae for use in designing retarder hump yard gradients, 
running from the crest of the hump to the lower end of the classification yard ; 
revisions^ of the section on test weight cars, relating to the rules for the loca- 
tion, maintenance, operation and testing of railway track scales are offered for 
approval. . . . Continuing its study of produce terminals, the Committee 

presents a series of recommendations, including general types of produce ter- 
ininals, buildings, track layouts, driveways, platforms, icing, garbage and refuse 
disposal, and miscellaneous items. A condensed summary of interesting data 
obtained from a questionnaire is also included. ... In connection with the 
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study of the report on hump yards, the Committee, in the current report pre- 
sents two graphic methods for use in designing gradients in connection with 
the application of retarders to hump yard operation. The first method is an 
application to a typical classification yard of 45 tracks and is explained and its 
application demonstrated; the second method is an application to a typical 
classification yard of 50 tracks, and is also explained and its application demon- 
strated by means of diagrams. . . . For the past two years, the Committee 

has made a comprehensive study of the location and design of airports in co- 
ordination with railway facilities, and as a result presents an interesting and 
timely report. ... In connection with the general subject of scales, the 
Committee submits as information, rules for the maintenance and transporta- 
tion of track scale test weight cars, and a definition of a standard test of a 
railway track scale. . . . The practice of previous years in presenting a 

bibliography of railway stations, yards, marine terminals and airports has been 
continued, and a list of articles appearing in current periodicals is presented. 

Committee on Iron and Steel Structures (A. R. Wilson, Chairman ) . — 
As a result of its study, the Committee offers a series of conclusions on the 
subject of track anchorage over bridges and similar structures. . . . Tenta- 

tive specifications for fusion welding and gas cutting for steel structures are 
presented as information and discussion. . . . The Committee presents an 

interesting report on repainting of steel bridges, with special reference to the 
condition requiring repainting and economical method of doing the work. 
. . . In connection with the study of the subject of bronzes for various 

purposes in relation to iron and steel structures, the Committee presents a com- 
prehensive monograph entitled “The coefficient of friction of bearing metals for 
bridge seats,” by R. P. Davis, a member of the Committee, prepared in col- 
laboration with G. P. Bromsliter, of the West Virginia University. 

Committee on Wood Preservation (F. C. Shepherd, Chairman), — 
Owing to differences encountered when creosote is distilled at localities differ- 
ing widely in altitude, the Committee, as a result of investigation, has prepared 
a table of temperatures at which fractions should be cut to correct distillation 
temperature for different altitudes. . . . The Committee also presents tables 

of volume correction for creosote, creosote coal-tar solution (up to 50 per cent 
tar) and coal tar, and specific gravity correction table for creosote, creosote 
coal-tar solution (up to 50 per cent tar) and coal tar. . . . Service test 
records for treated ties are given for the following roads: Great Northern, 
Baltimore & Ohio, Chicago, Burlington & Quincy, Rock Island, Union Pacific, 
and City of Minneapolis Filtration Plant Railway; there is also presented an 
interesting tabulation of cross-tie renewals per mile of all track maintained, 
1911-1Q31, both inclusive. . . . Continuing its study of piling used for 

marine construction, the Committee reports on the present condition of the 
long-time test pieces installed at various places in this country as well as re- 
ports from foreign countries. The Committee is cooperating with the Chemical 
Warfare Service of the U.S. Army in this study. . . . The Committee pre- 

sents the results of extensive tests made by the Santa Fe to determine the effect 
of incising and treatment on the strength of Douglas fir stringers and also the 
comparative strength of boxed heart and side-cut stringers; specifications for 
the treatment of air-seasoned Douglas fir are presented. ... A most inter- 
esting report on destruction by termite and possible ways of prevention is 
offered as information. 

Committee on Electricity (W. M. Vanderslxtis, Chairman). — In lieu of 
a formal report, the Committee reprints for the information of the A.R.E.A. 
membership, the reports made to the Electrical Section in 1932. This com- 
pilation deals with the following subjects: Inductive coordination; power sup- 
ply; electroysis; cooperation in miscellaneous regulations; overhead transmis- 
sion line and catenary construction; economics of railway operation; standard- 
ization of insulating tape and of insulators; protection of oil sidings; specifica- 
tions for track and third-rail bonds; illumination; design of indoor and out- 
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door substations; bigb tension cables; application of corrosion-resisting mate- 
rials to railroad electrical construction; form of power contract for large blocks 
of power, and radio antennae on cars in electrified territory. 

Committee on Uniform General Contract Forms (F. L. Nicholson, 
Chairman), — form of agreement for pipe line crossings under railway tracks 
for the use of railway property by pipe lines generally paralleling the railway 
is submitted as a progress report and for discussion, . , . Progress is also 

reported on form of agreement for the purchase of electrical energy in large 
volume (such as required for traction purposes) ; on form of conveyance of 
title granting the right to construct and maintain air right buildings over rail- 
way property, and on form of agreement with public authorities for highway 
grade crossing illumination or separation. 

Committee on Economics of Railway Operation (J. E. Teal, Chair^ 
man). — ^In continuation of its assignment of ^‘methods for obtaining a more 
intensive use of existing railway facilities,'* the Committee presents an ex- 
haustive study on forecast of improvement in train operation on a single track 
railroad equipped with short sections of double track with spring switches and 
centralized traffic controlled manual block. . , . Another valuable feature 

of the current year’s report of this Committee is a study of the methods for 
determining the most economical train length, considering all factors entering 
into transportation costs. As a supplement to this report, a discussion on loco- 
motive development is presented, including train resistance formulas. 

Committee on Economics of Railway Labor (F. M. Thomson, Chair- 
man) . — ^The current report supplements the previous reports made by this Com- 
mittee on the effects of recent developments in maintenance of way practices 
on gang organization, and supplements the information previously given for 
the C. M. & St. P., Pennsylvania, Great Northern, Boston & Maine, Missouri 
Pacific, C. B. & Q., Lackawanna, Erie and Lehigh Valley Railroads. . . . 

The Committee reviews briefly reports made in previous years on standard 
methods for performing maintenance of way work for the purpose of estab- 
lishing units of measure of work performed. ... A timely report is offered 
on the use of motor trucks in maintenance of way and structures work. A 
table is presented listing railways which have utilized such equipment in engi- 
neering and maintenance work. . . . During the past year, the Committee 

made a comprehensive study of gang organization and methods of performing 
the more common tasks of maintenance of way work, including a revision of 
the time studies now in. the Manual to bring them in accord with modern 
mechanical methods. As a result of this review, the Committee presents a most 
interesting and illuminating report. . . . Progress is reported on a number 

of assigned subjects. 

Committee on Shops and Locomotive Terminals (L. P. Kimball, 
Chairman) . — ^An interesting illustrated report is presented on firing-up stations 
for locomotives, including location and types of installation. . . . The Com- 

nnttee prints a report on turntables, dealing with the functions of such de- 
vices, their place in the locomotive terminal design, and the essential general 
features of construction and maintenance. A series of conclusions are offered 
as a substitute for corresponding material in the Manual under the general 
headings of “Turntable" and “Turntable Pit". ... A valuable report is 
presented on the application of unit heaters to shops and locomotive terminals, 
including a description of such installations, types of unit heaters, selection of 
heating system, size and selection of unit heaters, location of heaters in shop 
buildings, unit heaters for engine houses, automatic control, and quietness of 
operation. 

Committee on Standardization (J. C. Irwin, Chairman). — ^The Com- 
mittee calls attention to the value of the recommendations embodied in the 
Manual, and the importance of their use jn the interest of uniformity in gen- 
eral practice. Stress is laid on the importance of keeping the Manual up to 
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date. . . . An outline of the organization and purposes of American Stand- 

ards Association is given for the information of the membership. ... A 
list of A.S.A. projects on which members of the Association are represented is 
presented. . . . The Committee also points out the importance of the use 

and citation of A.S.A. standards. ... A study is being made as to subjects 
recommended for national standardization, such as specifications for creosote 
for wood preservation; specifications for trolley wire and messenger wire; 
wire and sheet metal gages; and grading rules and dimensions of lumber. . . . 
A study is also being made of A.R.A. recommended standards for railroad high- 
way grade crossing protection with the view of standardization. . . . The 

report includes a statement of the Canadian Engineering Standards Association 
activities for 1932. . . . A list of standards approved by the American 

Standards Association for the period September 1, 1931, to September 1, 1932, 
is presented. 

Committee on Maintenance of Way Work Equipment (C. R. 
Knowles, Chairman ) . — ^The Committee has continued its study of section duty 
motor car parts and accessories, and offers for inclusion in the Manual a series 
of specifications covering fuel line connections, sizes of cord belts, gasoline 
tanks, brake shoes and ignition systems. ... A comprehensive report is 
presented on types of snow-melting devices as an aid in facilitating train oper- 
ation and reduction in maintenance cost. Particular attention is called to this 
valuable report. . . . Another interesting report is offered on the use and 

adaptability of track type tractors in maintenance of way work. The report 
covers general description of the two types of tractors, auxiliary equipment, 
classes of work for which adapted, and examples of specific^ uses, including 
detail cost figures. . . . The organization for use and maintenance of tie 
tamping machines, both air and electric, is treated fully, together with dia- 
grams of suggested pipe arrangement for four, eight and twelve tool pneumatic 
outfits. . . . The Committee presents a timely report on tie adzing, scor- 
ing and boring machines, with illustrations. . . . Still another valuable 

report is that dealing with the use of ditching spreaders in maintenance work. 

Committee on Stresses in Railroad Track (Dr. A. N. Talbot, Chair- 
man) . — ^The Committee reports progress on the preparation of its Sixth Progress 
Report, which will be made available in one of the early summer Bulletins. 
. . . Reference is made to the accumulated test material of the tests made 

on the Pennsylvania Railroad; the Chesapeake & Ohio Railway; the Missouri 
Pacific Railroad, and laboratory experimental work on several forms of rail- 
joints. 

Committee on Clearances (A. R. Wilson, Chairman ), — In the current 
report, the Committee presents as information outline diagram of a proposed 
A.RA, box car, and a clearance diagram for pantagraph. 

Committee on W^aterproofing of Railway Structures (J. A. Lahmer, 
Chairman ). — ^The Committee presents, as information, specifications for mem- 
brane waterproofing, on which comments and criticisms are invited. 
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Secretary E. H. Fritch:— I move that the reports of the Secretary and Treasurer be 
approved. 

The President: — Gentlemen, you have heard the reports. Is there any discussion? 
All in favor of approving the reports will say “aye”; contrary, “no”. It is carried. 

As Mr. Fritch has stated, in the past year we have lost a number of members, some 
very valuable members and several of them active members. I wish that you would 
all rise for a few seconds and pay tribute to their memories. 

(The convention arose and stood in silent tribute to the memories of the deceased 
members.)- 

The President: — number of prominent railway officials were invited to honor us 
with their presence here today, but unfortunately conditions prevented their attendance. 
Mr. R. H. Aishton, President of the American Railway Association, exi)ected to be here, 
but has been obliged to send his regrets. 

The first Committee to report is Committee XX — Uniform General Contract Forms. 
The report will be presented by Mr. F. L. Nicholson, Chief Engineer of the Norfo'k 
Southern, Chairman. 

(For Report, see pp. 125-129.) 

The President: — The next report is that of the Committee on Wooden Bridges and 
Trestles, The report will be presented to you by Col. H. Austill, Bridge Engineer of the 
Mobile & Ohio, who is Chairman of the Committee. 

(For Report, see pp. 65-74.) 

The President:— The third report is that of the Committee on Iron and Steel Struc- 
tures. This report will be presented to you by its Chairman, Mr. A. R. Wilson, Engineer 
Bridges and Buildings of the Pennsylvania. 

(For Report, see pp. 285-308.) 

Vice-President W. P. Wiltsee: — The report on Clearances will also be presented to 
you by Mr. A. R. Wilson, who is Chairman of the Committee. 

(For Report, see pp. 261-262.) 

Vice-President W. P. Wiltsee: — ^The next Committee to report is that on Electricity, 
The report of the Committee will be presented by its Chairman, Mr. W. M. Vandersluis, 
General Superintendent Telegraph and Signals, Illinois Central System. 

(For Report, see Bulletin 348, August, 1932, pp. 3-126.) 

Vice-President W. P. Wiltsee: — ^The next report is that of Committee X — Signals and 
Interlocking, The report will be presented by Mr. P. M. Gault, Signal Engineer, Missouri 
Pacific Lines, Chairman of the Committee. 

(For Report, see pp. 263-272.) 


AFTERNOON SESSION 

The President: — ^The first report on this afternoon's program is that of the Commit- 
tee on Yards and Terminals. In the absence of the Chairman, Mr. M, J. J. Harrison, 
Vice-Chairman of the Committee, General Scale Inspector of the Pennsylvania, will pre- 
sent the report. 

(For Report, see pp. 167-207.) 

The President: — ^The ent re world is looking with interest to the Century of Progress 
Exposition which will be presented in Chicago during the five months of this summer, 
beginmng June 1. This Exposition, which will depict the progress in every respect of 
human endeavor dur ng the last century, is devoting special attention to transportation. 
The first major building completed was the Travel and Transport Building. In and 
adjacent to this building there will be presented an exhibit of transportation by rail that 
will be of interest to every railway man. 
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Mr. H. C. Wanner, Chief of the Divis'on of Applied Science and Industry for the 
Century of Progress, is with us and will present a brief description of that portion of 
the Century of Progress exhibition that will be of special interest to those concerned 
with transportation. Mr. Wanner. 

Mr. H. C. Wanner (Century of Progress): — ^Mr. President and Gentlemen: One 
of the most interesting parts of the Century of Progress is the area devoted to the travel 
and transport story. About 75 acres of land is devoted to this part of the picture. As 
your President has told you, the first large building completed was the Travel and Trans- 
port Building. We are very happy to say to you that we feel that the most representa- 
tive showing in our entire Fair is the one which will be shown by the railroad industry. 
All of the major lines are a part of our show. 

Generally speaking, the travel and transport area is divided into three major divisions. 
Along the lake front we are going to have, three times a day, the story of transportation 
from the early days up to the present. We will have a number of actors and actresses 
in costume. In other words, it will be something along the line of the “Iron Horse,” 
which was so successful in Baltimore when the Baltimore & Ohio put it on. Of course, 
th’s will not be limited strictly to rail transportation but rail transportation will have 
an important part in it. 

South of the Travel and Transport Building is an outdoor area devoted to railway 
transportation, with five tracks out there. Track 5 is an exhibit by the Great Northern, 
the Northern Pacific and the Burlington, jointly, of their finest equipment, a complete 
line — ^locomotives and all. Track 4 is for the “Royal Scot,” a complete train being 
brought over here, landing in Montreal. It is going to make a trip through the eastern 
part of the United States. It will be in St. Louis on Memorial Day and will be here 
on the thirty-first of May and all during the Exposition. Track 3 will be for the Bal- 
timore & Ohio, a complete train track. Track 2 will be for a section of the Mexican 
presidential train, quite an interesting showing. The Mexican government further has 
offered to send up the very famous collection of jewels and have it on this train. For 
Track 1 the Delaware & Hudson is sending one of their very large locomotives. I under- 
stand that the locomotive is so large that they had some difficulty in finding out how 
to get it here, on account of clearances. There will also be other exhibits on Track 1. 
So far the General Steel Castings Company has contracted to send up one of their new 
hopper coal cars. The Mine Rescue car will be on this track, exhibited by the United 
States Government. There will probably be several other exhibits in this outdoor show. 

The building itself is divided into the great dome, about which you possibly have 
heard. It contains the famous echo. Everyone who comes to the World Fair now hears 
this echo and is considerably amused by it. This echo will not be present during ths 
time of the Fair, of course. 

This dome is supported from the top. The roof does not rest on the sidewalls. It 
is entirely supported on the principle of the suspension bridge. In this dome will be 
located, first, historical transportation mediums, old automobiles, old locomotives, old 
motor trucks, things of that kind, with the very latest examples of the same type of 
transportation. The Pullman Company is going to have two aluminum Pullman cars, 
the very latest thing, among other exhibits. 

In the building itself is where the major railway show will be held, that is, the 
showing on the part of the railroads themselves. Starting at the north end of the rail- 
way show, we have the Pennsylvania and Rock Island exhibit, the Baltimore & Ohio, 
New York Central, Illinois Central, Pullman Company, General American Tank Car, 
Chicago, Milwaukee, St. Paul & Pacific, Chicago & Northwestern, Railway Express 
Agency, Delaware & Hudson, and the Chicago, Burlington & Quincy, All of these rail- 
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roads are going to show an extremely interesting picture. A great deal of it, of course, 
is going to deal with travel, to interest people in seeing parts of the country they have 
not seen. 

Our Fair is going to open on time. There is not any question of that. (Applause) , 

The President:— Mr. Wanner, on behalf of this Association I want to thank you for 
the time you have taken in giving us a very complete description of the Exposition. 
Thank you very much. 

The President:— The next report is that of the Committee on Shops and Locomotive 
Terminals. This will be presented to you by the Chairman, Mr. L. P. Kimball, Engineer 
of Buildings, Baltimore & Ohio. 

(For Report, see pp. 2 S 1-2 60.) 

Vice-President John E. Armstrong:— The report of the Committee on Records and 
Accounts will be submitted to you by its Chairman, Mr. C. C. Haire, Engineer of Capital 
Expenditures, Illinois Central System. 

(For Report, see pp. 209-2S0.) 

Vice-President John E. Armstrong: — ^The next report is that of the Special Commit- 
tee on Waterproofing of Railway Structures. This will be presented to you by its Chair- 
man, Mr. J. A. Lahmer, Senior Assistant Engineer of the Missouri Pacific. 

(For Report, see pp. 273-283.) 

Vice-President John E. Armstrong: — ^The next report to be presented to you is that 
of the Committee on Standardization. This report will be handled by Mr. J, C. Irwin, 
Valuation Engineer of the Boston & Albany, who is Chairman. 

(For Report, see pp. 309-321.) 

Vice-President John E. Armstrong:— The next report is that of Committee 
XXVII— Maintenance of Way Work Equipment. Mr. C. R. Knowles, Superintendent 
Water Service, Illinois Central System, Chairman of the Committee, will present the re- 
port. 

(For Report, see pp. 355-420.) 


EVENING SESSION 

The President:— The first report this evening will be that of the Special Committee 
on Stresses in Railroad Track. This report will be presented to you by Dr. A. N. Tal- 
bot, Professor Emeritus of the University of Illinois, Chairman. Dr. Talbotts report 
will be accompanied with lantern slides. 

(For Report, see p. 703.) 

The President:— Next we will have the report of the Rail Committee. Mr. Earl 
Sthnson, Chairman of the Committee, Chief Engineer Maintenance, Baltimore & Ohio, 
will present the report. 

(For Report, see pp. 605-645.) 

WEDNESDAY, MARCH 15, 1933 
MORNING SESSION 

The President;— The report of the Committee on Roadway will be presented to you 

by its Chairman, Mr. C. W. Baldridge, Assistant Engineer of the Santa Fe. 

(For Report, see pp. 131-165.) 

The President: ^The report of the Committee on Ballast is next in order. The re- 
port will be presMited to you by its Chairman, Mr, A. P. Crosley, Division Engineer of 
the Reading Company. 

(For R^ort, see pp. 521-531.) 
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The President: — ^Mr. C. J. Geyer, Assistant to Vice-President, Chesapeake & Ohio 
Railway, Vice-Chairman of the Committee on Track, will present the report in the ab- 
sence of the Chairman. 

(For Report, see pp. 491-520.) 

The President: — ^We have with us today two men who were sent here as delegates or 
representatives of the National Railways of Mexico and of that Government. Unfortu- 
nately, I cannot speak their language and I cannot remember their names. We have a 
man who has been down in Mexico among the cypress trees quite recently, and I am going 
to ask Dr. von Schrenk if he will kindly introduce these gentlemen and ask them to rise 
so that we can know them. 

Dr. Hermann von Schrenk (St. Louis) : — ^Mr. President, I take pleasure in introduc- 
ing Senor Francisco Malagamba and Senor Jose G. Jauregui, of the Mexican National 
Railways (Applause) . I might add to this, Mr. President, that I was requested by Senor 
Madrazo Arcocha, Chief Engineer of the Mexican National Railways, to present his 
greetings to the convention and express his regret that he was unable to be here with you. 

The President: — ^Thank you very much. We are glad to see these gentlemen here and 
we hope they take our message of greeting back to their country. 

Senor Francisco Malagamba (Mexican National): — ^Mr. President and Gentlemen: 
The Chief Engineer of the National Railways of Mexico gave us his representation to 
this honorable Association. We are very interested in all your reports. We appreciate 
very much the very useful knowledge and new knowledge here exposed. My knowledge 
of the English language is not enough as I would wish to expose my thoughts, but any- 
way, I beg your pardon and give to you many thanks for your kindness (Applause) . 

The President: — ^Thank you very much. That came from the heart, as he wrote 
that himself. He did not have Dr. von Schrenk help him with it. 


AFTERNOON SESSION 

The President: — ^The first report on this afternoon’s program is that of the Comnoit- 
tee on Ties. The report will be presented to you by the Chairman, Mr. W. J. Burton, 
Assistant to Chief Engineer, Missouri Pacific Railroad. 

(For Report, see pp. 323-353.) 

The President:— The next report is that of the Committee on Wood Preservation. 
Mr. F. C. Shepherd, Consulting Engineer of the Boston & Maine Railroad, is Chairman. 

(For Report, see pp. 421-489.) 

The President: — Next we have the report of the Committee on Rules and Organiza- 
tion. Mr. E. H. Barnhart, Assistant Division Engineer, Baltimore & Ohio Railroad, is 
Chairman. 

(For Report, see pp. 75-79.) 

The President: — Next will be the report of the Committee on Economics of Railway 
Operation. The report will be presented by the Chairman, Mr. J. E. Teal, Special En- 
gineer — Operation of the Chesapeake & Ohio Railway, 

(For Report, see pp. 533-575.) 

The President:— We have a gentleman with us here today whom we are all glad to 
see. Mr. C. A. Wilson, Consulting Engineer, of Cincinnati, Ohio, is a Charter Member 
of the Association. He is No. 9 and second on the present roll of members. He has 
not missed a single convention since the organization of the Association in 1899. He 
was also present at the preliminary meeting at which the proposal to organize the As- 
sociation was discussed. I should like to have Mr. Wilson stand up. He has bear in 
railroad work for over fifty years (Applause). 
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Mr. C. A. Wilson: Mr. President, I should like to say a few words, but 1 have 
such a cold that I shaU have to reserve them for some other lime. Thank you all 
(Applause) . 

Vice-President W. P. Wiltsee;— The report of the Committee on Economics of Rail- 
way Labor will be presented by the Vice-Chairman, Mr. Lem Adams, Chief Engineer, 

Union Pacific Railroad. 

(For Report, see pp. 101-124.) 

Vice-President W. P. Wiltscc:— We will now have the report of the Committee on 
Water Service and Sanitation. Mr. R. C. Bardwell, Superintendent Water Supply, 
Chesapeake & Ohio Railway, Chairman of the Committee, will present the report to you. 

(For Report, see pp. 81-100.) 

Vice-President W, P. Wiltsee;— Next is the report of the Committee on Buildings. 
The Chairman, Mr. A. L. Sparks, Architect, Missouri-Kansas-Texas Lines, will present 
the report. 

(For Report, see pp. 681-702.) 

The President:— The next Committee to report is that of the Committee on 
Masonry. Mr. Meyer Hirschthal, Chairman, Concrete Engineer of the Lackawanna, will 
make the presentation. 

(For Report, see pp. 577-604.) 

The President : — Wt will now have the last report, that of the Committee on Grade 
Crossings. The Chairman, Mr. J. G. Brennan, Engineer of Grade Crossings, New York 
Central RaUroad, will present the report. 

(For Report, see pp. 647-679.) 

The President: — This completes the consideration of Committee reports, and the next 
order of business is New Business. Has anyone anything to offer under that heading? 

Mr. Robert H. Ford (Rock Island):— I move, sir, the adoption of the following 
resolution: 

“Whereas, The officers and members of the American Railway Engineering Asso- 
ciation realize fully the sacrifice which must be made at this time by Presidents of large 
railway systems in order to attend meetings far removed from their headquarters ; there- 
fore, be it 

**Resolvedf By the American Railway Engineering Association, in convention assem- 
bled, that the thanks of our Association be extended to President F. B). Williamson, of 
the New York Central Lines, for honoring us with his presence at our meeting, and that 
our gratitude be offered for the courageous and inspiring address delivered by him at 
our luncheon meeting on March iSth.” 

(The motion was regularly seconded, put to vote and carried unanimously.) 

The President: — ^Is there any other new business? 

Mr. E. M. Hastings (Richmond, Fredericksburg & Potomac) :— Mr. President and 
Gentlemen: There are some things that all of us like to do. This is one of the thing.s 
that all of us find much enjoyment in doing. 

Mr. President, we have watched your progress in this Association for a great many 
years. I say “we,” because I personally have for many years. Those of the member- 
ship who are younger have been watching with interest, certainly in the last few years. 
The honors that the Association have bestowed upon you have been well-deserved. In 
fact, it is the opinion of your humble servant that the Association has honored itself in 
the office to which it has elected you, and certainly you have honored the Association in 
the fulfillment of that office. 

This past year particularly has been a trying one for all of us. It has bt^en a trying 
one for you, but you have, with splendid spirit, with unselfish interest, with a devotion 
to service for the Association, so conducted its affairs that at this convention, when we 
all expected the attendance to be small, we have reached a goal almost as high as last 
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year. I think that is a great tribute to your untiring devotion for the Association and a 
tribute to you personally. 

Therefore, it gives me very great pleasure and it gives me particular pleasure to pre- 
sent to you, on behalf of the Association, as a token of its esteem and its love for you, 
this plaque, You will note that the shape of it is the New York Central emblem, the 
oval. You will find thereon this inscription; 

“In appreciation of valuable service rendered to the American Railway Engineering 
Association by John V. Neubert, President, 1932-1933. 

“This tribute is dedicated to an outstanding Railway Engineer and able administra- 
tor, who has successfully piloted the Association and maintained its high standards of ac- 
complishment in a difficult period.” 

I am honored, sir, in being privileged to present it to you. 

(The convention arose and applauded.) 



The President: — Mr. Hastings and Members of the American Railway Engineering 
Association: I am a little touched now and it is pretty difficult to get me touched, but 
I am not going to cry because it is not the time. I am so greatly pleased that I do not 
know how to express it. The only way that I can possibly do so is by mentioning an 
incident that happened in this town a number of years ago when the late Senator Depew 
was a candidate for nomination for President against Garfield. He finally withdrew. As 
Senator Depew was on his way East he thought he would stop at the home of Garfield 
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to pay his respects. When they met, Senator Depew said, “I want to tell you that I am 
going back and I am going to work for you.” 

“Well,” was the reply, “that is very nice, but I was not surprised that you with- 

drew and they chose me.” 

“Why?” 

“What the country needs is a man who has constructive ideas, a man who is force- 
ful in regard to conditions. You, for example, are a humorist, an after-dinner speaker. 
You are able in that capacity.” 

“Well, Mr, Garfield, they tell me, and I do know, that Abe Lincoln, who was Presi- 
dent of this country, was more or less a humorist.” 

“But Abe Lincoln told those funny stories only to carry over his point.” 

“Well, when I die I hope the people will remember me for that instead of saying I 
was a great man.” 

What I am trying to bring out by that is that I tried to render, as your President, 
the best that I knew how. I tried to please. 

In conclusion, as Mr. Hastings has said, we have been through some trying conditions 
in the past year. In fact, a great many of my friends have told me in the past few 
months, “We are sorry you get the tough break to be President of the A.R.E.A. without 
having the exhibit. Everything broke against you and the convention and meeting will 
not be as usual.” 

Furthermore, that same thing came back at me at other times — I am certain of this: 
If I had to go through it again, if it were possible that I would be chosen, knowing what 
I do now, I would say, “Let me take office when you have a year like this.” 

It was not me who did it. It was due to the inspiration that I got from my asso- 
ciates. 

I wish to thank those men for what little or great I have done. I know I have 
made mistakes, but I want to give thanks and credit to the members as a whole, to the 
Board of Direction, and, last but not least, to my friend, Mr. Fritch (Applause) . 

On this occasion I want to thank also the Committee on Arrangements, of which 
Mr. Howson was Chairman, for the fine cooperation and the fine work they have done 
under the circumstances. I suppose my years are about ended, but I am going to take 
this, not for its intrinsic value, but in the spirit in which it is given, and I shall cherish 
it for the rest of my days. Thank you (Applause). 

It is customary for the President to present a medallion to the outgoing member of 
the Board, which is fitting and appropriate. I am sorry for your sake as well as my 
sake that he is not present, because he is one of the finest characters who ever lived. He 
has not only done great work for the Association but for the community at large around 
Chicago— our good friend, D. J. Brumley (Applause) . 

On this medallion is inscribed: “To D. J. Brumley for outstanding contributions 
to the science of railway engineering.” 

On account of his health he is in Arizona and I am going to delegate Mr. Fritch to 
seo that Mr. Brumley receives his medallion (Applause) . 

If there is no further business, the Secretary will announce the result of the election 
of oEcers. 
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REPORT OF THE TELLERS 

We, the Committee of Tellers, report the following as the result of the count of the 
ballots: 

For President: 

W. P. Wiltsee 975 votes 

For Vice-President: 

Robert H. Ford 946 votes 

C. R. Harding 4 votes 

G. W. Harris 2 votes 

G. S. Fanning 2 votes 

W. H. Kirkbride 2 votes 

E. M. Hastings 1 vote 

Robert Faries 1 vote 

Hadley Baldwin 1 vote 

C. R. Knowles 1 vote 

John E. Armstrong 1 vote 

F. G. Jonah 1 vote 

Bernard Blum 1 vote 

For Secretary: 

E. H. Fritch 972 votes 

For Treasurer: 

A. F. Blaess 967 votes 

For Directors (three to be elected) : 

Lem Adams 521 votes 

G. S. Fanning.. 501 votes 

W, F. Cummings 381 votes 

H. von Schrenk 375 votes 

F. G. Jonah 347 votes 

W. H. Penfield 240 votes 

E. H. Barnhart 228 votes 

E. G. Hewson 201 votes 

E. 1. Rogers 133 votes 

A. R. Wilson 2 votes 

A. A. Miller 1 vote 

R. C. Falconer 1 vote 

L. T. Nuckols 1 vote 

For Nominating Committee (five to be elected) : 

H. R. Clarke 700 votes 

J. R. Watt 601 votes 

E. W. Caruthers 548 votes 

E. R. Lewis 507 votes 

F. L. Nicholson 457 votes 

C. H. Mottier 427 votes 

C, B. Stanton 397 votes 

H. Austin 388 votes 

J. H. Hande 372 votes 

R. L. Cochrane 350 votes 

W. C. Barnes 1 vote 

The President:— Will Mr. Yager, Past-President, and Mr. Roberts please escort the 
President-Elect to the platform? 

(President-Elect Wiltsee was escorted to the platform by Past-President Yager and 
Director Roberts.)' 

The President:— You know, this is quite a coincidence, as Mr. Wiltsee and I have 
been associated in one or another capacity since we have known one another. I hate to 
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give up this o^ace, but they are kicking me out. It is a great pleasure for me to turn 
this office over to you. It is the highest office within the gift of this Association. Mr. 
Wiltsee, you are to be congratulated, and the Association is to be congratulated on its 
choice. I have the greatest confidence in regard to the success you will have. It can- 
not be otherwise because of the spirit shown here at this .A.ssociation meeting. 

About an hour before I was put in the Chair one of the Past-Presidents said to me: 
“John, you are going to get yours. I can feel it coming. Nobody knows the condition 
this business is going to be in two months from now. You are going to have no easy 
time.^’ 

I told him just about what I told you a little while ago. “Tf those timc.s come, if 
they are rough, I hope to live to finish the year.” 

Mr. Wiltsee, I hope that conditions will improve. T hope the road gets smoother. 
But whether it gets smoother or rougher, let us hold our heads up and fight the thing 
through. 

You do not know what this is do you? (Indicating gavel)'. This doe.s not come 
fronx Ohio, where you were born. The head is made of walnut and the handle is made, 
of hickory from the good State of Virginia. The wood was taken from the right-of-way 
of a railroad called the Norfolk & Western. Both of these woods are used for furniture 
and interior finish in those old Southern homes. They have been used in those palatial 
homes for years and years. 

This is presented to you on behalf of your boys, who wish you all success. I now 
turn it over to you as President of this Association, wishing you all the success in the 
world. God bless you! (Applause). 

President W. P. Wiltsee: — ^Mr. Neubert and Members of the As.sociation; I thank 
you very much for electing me to the high office of President of your Association. It is 
an honor which I consider the highest that can be bestowed upon an Engineer in railroad 
service. I doubly appreciate my engineering education, as my engineering education has 
been obtained from the school of experience and the work in this Association. 

We approach a new year, one in which no doubt we will have many problems, but 
we approach that without fear. I say that because in my contact with the officers and 
members of this Association, in my association as Director and Committee Chairman, 
which has covered a period of practically twenty-five years, I am familiar with the help 
that the President receives from the officers, Committee Chairmen and the membership 
at large. So I say we approach the coming year without fear of failure. I thank you 
all, gentlemen (Applause). 

If there is no further business, the annual meeting is declared adjourned .ring dh. 
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ADDRESS OF F. E. WILLIAMSON, Esq. 

President, New York Central Lines 

This organization impresses me in a very definite way. Whatever your training 
and pre-occupation, it is my belief that the membership of the American Railway Engi- 
neering Association comprises men of wide practical experience and broad judgment. 
The scope of the organization is well demonstrated by its Year Book, which discusses 
the work of some twenty committees. It seems to embrace the whole held of fixed 
railway plant. One is bound to be greatly impressed by the progress made in these 
matters. The wide range of adaptation in the work of caring for the property shows 
an alert progress. The progress made in cooperation with commercial producers in 
reducing the diversity of standards is noteworthy. This must tend for improved sources 
of supply; it must make for savings that are not confined to the railway market. 

I am glad to talk with you about your relation to the railway work as one who 
appreciates your work — quite convinced that you know more about it than I do. I 
am willing to yield to no one in my belief in the importance of this work and of the 
thoughtful and efficient help that has been and will continue to be applied to our 
problems. 

It is apparent to many that, for the time being at least, the horizon discloses no 
great construction projects for the railways. This kind of work has been largely done 
by your membership and its predecessors. It is most impressive. It has established 
a standard of physical plant that invites respect and admiration. It has brought our 
railways to an equipment and capacity for business that is unrivalled. A large part of 
this plant was, of course, built in pre-war days, when the costs were low. It is our 
good fortune that the enduring and serviceable character of such work, combined with 
the relatively low cost, is perhaps a major factor of safety in the present position of 
the railways. For the immediate present we have, it is true, a surplus of plant and 
capacity. Our construction needs are few. We have therefore an opportunity to con- 
centrate upon maintenance problems. I cannot but feel that the research disclosed by 
you in methods and appliances is fortunately available at such a time. It is no doubt 
a great advantage that the continued study and adaptation of methods should be 
zealously pursued, not only as you have been doing, but with renewed zeal and belief 
in the service which such methods yield. 

The railways are under competitive pressure, not acutely felt until this depression, 
but which has probably been quietly generating itself for the last fifteen years. Prior 
to that time the railways, as a whole, had a seller’s market. The railway future 
seemed to follow the slope of steady growth in business that had prevailed for many 
years. Transportation was pretty much performed by the railways of the country. 
This is no longer true. We have splendid railways, built for heavy loads, locomotives 
that can haul a mile of cars, and we have half a mile of business. There are potential 
competitors, other than railways, for a great deal of the business that we had. They 
have some advantages which we do not share. These may become justly equalized in 
respect of regulation, taxation and equality before the law. Even then it is quite 
obvious that there is need to shape the railway plant and service to better advantage in 
this competitive field. 

The rapid decline in business in the past three years has brought out the contrast 
between important main routes, on the one hand, and lateral and branch lines on the 
other. It seems as though the lateral and branch lines have shown the effects of the 
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changes in the transportation business more sharply than the main lines. We find our 
main lines today still performing the general range of service that has been customary. 
It is true it has diminished in volume, but there seems no good reason for believing 
that to be a permanent change. The decrease is more a function of the general state 
of business of the country. The future volume of business for a considerable quantity 
of lateral and branch lines is, however, not so clear. The local business which once 
largely contributed to their earning power has been the subject of serious inroads from 
motor competition, operating on improved highways. While the equilibrium resulting 
from a rationalizing of railway and motor transport has probably not been disclosed 
we have no definite measure of the extent to which such disclosure, or even the re- 
sumption of general business, might help these lateral and branch lines. In many cases 
it is an involved question requiring close study and perhaps further experience. The 
first point seems to be to determine with more or less accuracy the character of service 
that can be expected to survive on such lines and to conform the physical standard of 
maintenance accordingly. In other words, it seems essential that the railway mileage 
that is eligible for an unrestricted variety of traffic ought to be confined to such parts of 
the mileage as are obviously now performing such character of service and likely so to 
continue. In this way your problem may be classified to advantage, both in the conduct 
of the work and its cost. 

The investment of capital in a railway is mostly in road and equipment. Your 
particular interest is in that part of it which is invested in road. You are in a sense the 
custodians of the physical property represented by that investment. There is not only 
the responsibility for the care of the physical property to be borne but also of the 
physical and financial risk involved in its use. While the latter may not fall directly to 
your lot, you can be very helpful to those who must bear the ultimate responsibility, 
not only in your routine duties, but by your thought and co-operation among your- 
selves and with your railway associates of other professions. There is no body of men 
of the education, experience and judgment such as you possess but that is also pos- 
sessed of potent social influences, which by their soundness and understanding may 
reach far and operate definitely upon the thought and action of the community and 
country. 

It is not my purpose to talk with you about the physical aspects of this property 
with which you are so familiar and which you understand, no doubt, a great deal 
better than I do. I want you to look with me at this road investment as a physical 
instrument and a financial risk. A railway is chartered essentially to convey persons 
and property. This is the great beneficent power given it in the public behalf. It is in 
such a province that the greatest service may be rendered to the public. Railway trans- 
portation cannot be effective without motive power. That is inconceivable, Wc know 
as yet no way whereby it can be effective without cars and road. The investment in 
these physical factors is so interrelated that each reacts upon the other most intimately. 
An important change in one affects the other. These changes and the effects are func- 
tions of speed, weight and character of service, whether local to the line or general. 
The effect of the character of service upon the physical standard is worthy of de^p 
study. So is the effect of the standards of motive power, equipmout and road, each 
upon the other. I do not mean that these have not been stqdied and may not be well 
known. What I do meaij is that there is a great margin of study that may be given to 
these relationships, under the new, conditions disclosed to us by the present: first, to 
produce a more definite consciousness in our minds as to these relations, and, second, to 
pursue the objective that shall conserve the value (or investment) in what we have to 
more productive ends. Our consciousness of these essentials need not merely be de- 
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partmental, so to speak, but if it exists will be helpful in all ways in which our duties 
make us a part of the railway organization and the body of citizens. 

There are-many striking instances where road investment in railways has been con- 
served both in physical standard and service of capital. This points to an ideal, per- 
haps, but one that is highly useful. Thus obsolescence, as it is called, may be met with 
its own weapons. New and enlarged service and better results have been yielded with a 
minimum increase in fixed investment. Objectives may have been truly forecast or the 
interrelated factors may have been subject to more definite control in their reactions 
upon the plant investment. It may be that peak loads, either of business cycles or 
of seasonal variations, have been met by effort rather than by investment. Effort, of 
course, has the duration of the peak load. 'When met by investment that burden has a 
continuing duration, supported only by peak load. Generally speaking, investment in 
plant so founded can be adequately satisfied only by adequate business volume. 

It seems patently desirable to work towards an end in which the yield per invested 
dollar shall increase. The alternative is to reach a point where that investment not 
only fails to sustain itself, but has a diminishing service value. Let us assume that the 
outlook of today requires increased service adaptation; that it invites careful classifica- 
tion of service in order to foster the available business. We lack means, but we must 
achieve service progress. We sense that passengers want to move over a satisfactory 
route. They want to be carried in cars better suited than ever to their comfort and 
safety. They want to spend less time between points of travel. Can these objectives 
be served only by increased plant investment? Where will the money come from? 
Can they be served with existing standards of road? Will the reduced time be accom- 
plished by higher maximum velocities or by removing causes of subnormal operation? 
What part can effort and classification rather than additional investment play in the 
rational answers to these questions? With the decrease in the movement of fuel, ore, 
steel and other heavy commodities, the residual freight traffic seems to be of a char- 
acter that requires a more critical service; more adaption of cars to shippers’ needs; 
special equipment to protect individual production. Studies are current to disclose new 
ratios of dead weight to paying load by the use of lighter metals and efficient design. 
Freight is moving, in response to demand, at higher speeds aimed to reduce time 
enroute. The owners of goods in transit have learned to figure on the investment cost 
of the time in transit as a part of the cost to them of transportation. They will con- 
tinue to do so. Above all other considerations in the public mind with reference to 
their patronage of the railways is no doubt the relation of transportation charges to 
the general price level. It seems probable that charges acceptable to them, that invite 
their patronage, can never quite escape the shadow of the price level. Do not such 
considerations suggest an operating and maintenance cost that must needs be less per 
unit of traffic than we now experience? What if the return of volume does not snap 
back to that which we have had heretofore, but is slowly won by our own effort and 
adaptation to these broad considerations, which in the end wiU determine the patronage 
and support of the railways. 

I realize that no such financial achievement can precede a physical achievement. 
Moreover, no physical achievement of a new art is Hkely to transpire until taken hold 
of by men, alert and capable, who can project the physical procedure along lines in 
which financial salvation may lie, I do not believe in miracles in^ the sense of any 
radical change of standards or methods. I do believe that an objective may be as 
substantial in its reform as the best judgment of men may make it. Such an objective 
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establishes the trend and may be approached without dislocation of order or essentials. 
I would like to leave with you, therefore, these suggestions; 

(1) We must shape our transportation product to our market; ~ 

(2) We must shape our plant investment and the care of it to our means; 

(3) We must shape our physical standards to a conformity with such objectives. 

It has been my good fortune to have an extensive acquaintance with railway men 

in various activities, I have spent my life in association with them. I am confident 
that the result of reflection and research upon this subject-matter by you, individually 
and collectively, will eventually be of great service to the country. There is no doubt 
of the recognition which you have from your fellow-countrymen. It is well deserved. 

I thank you cordially and acknowledge my appreciation of the honor you have 
shown me today. (Applause.)- 
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A MEMOIR 

Everett Addison Hadley, Chief Engineer of the Missouri Pacific Railroad and Director 
of the American Railway Engineering Association, died at St. Louis, Mo., on November 
11th, 1932, after several months illness. The funeral was held November 12th, at the 
Pilgrim Congregational Church of St. Louis. Funeral services were also conducted at 
Lowell, Mass., November 14th, by the pastor of the Highland Congregational Church. 
The interment was at Edson Cemetery in that city, 

Mr. Hadley was born in Lowell, Mass., November 19th, 1879. He received his early 
education in that city, and in 1897 he became associated with the firm of Smith and 
Brooks, Civil Engineers and Surveyors, as a student apprentice. 

In 1900 Mr. Hadley entered railway service with the Boston and Maine Railroad 
as draftsman, later serving as Assistant Engineer and Resident Engineer. His most im- 
portant work while with the Boston and Maine Railroad was in connection with a large 
number of grade crossing elimination projects, of which he had charge of both design 
and construction. Many of the structures built under these projects are monuments to 
his artistic skill and ingenuity of design, one of the most beautiful being the stone arch 
underpass at Belmont, Mass. 

In 1910 he came to St. Louis to accept the position of Engineer of Design with the 
Missouri Pacific Railroad and was later advanced to the position of Principal Assistant 
Engineer. His outstanding ability was soon recognized as in 1915 he was promoted to 
Chief Engineer. 

Under Mr. Hadley’s direction as Chief Engineer more than one hundred and fifty 
million dollars were spent in modernizing the Missouri Pacific Lines. This vast sum was 
used on thousands of separate projects, including such monuments of engineering achieve- 
ment as the second track work and grade reductions on the Eastern and Central Kansas 
Divisions, the grain elevators at St. Louis, Kansas City and Omaha, the Arkansas River 
Bridge at Little Rock, the passenger stations at Little Rock and Texarkana, and the 
St. Louis office building. 

These larger projects by no means tell the full story of the improvements he di- 
rected, which now enable the Missouri Pacific to handle double the tonnage at double 
the speed, but with only one-fourth additional train miles. A large amount of detail 
supervision and planning were required for the great number of lesser grade and line 
changes, improvements in drainage, reconstruction of roadbed, relaying tracks with 
heavier rail, strengthening of bridges, reconstruction and enlargement of yards and 
other terminal facilities, all of which were essential to the handling of the heavier power 
and longer trains. Connected with this work was the determination and adoption of 
standards, to which feature Mr. Hadley gave much personal attention. 

In handling this vast improvement program Mr. Hadley proved himself to he an 
executive as well as an Engineer. The work was done without friction and he was able 
to co-ordinate the work of the various departments of the railroad involved so as to 
effect harmonious action. 

Although the demands of his position as Chief Engineer of a large railroad system 
were heavy and exacting, he freely assumed added work and sacrificed of his all too little 
leisure to contribute to the advancement of the art of railroading and of the engineering 
profession. This led to his becoming identified with many correlated activities. 

Prepared by Earl Stimson, Chairman; W. J. Burton, W. D. Faucette, J. C. Irwin, A. F. Blaess. 
W. P. Wiltsee, R. C. Bardwell, R. C. White, Special Committee. 
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His interest in signal work was great and although he did not profess to be a 
Signal Engineer, he was able to bring to this work his ability to keep the ultimate objec- 
tive in sight and to harmonize conflicting ideas so as to secure progress. This capacity 
was recognized when he was appointed Chairman of the Automatic Train Control Com- 
mittee of the American Railway Association, a place which only a Signal Engineer might 
be expected to fill. He first became a member of this Committee on October 24th, 1925, 
and as Chairman of the Sub- Committee on Standardization he directed studies relating 
to problems of interchangeability of automatic train control devices, and practical meth- 
ods were adopted for joint service between any of the train control devices then in use 
in the United States. Plans were made for actual road operating tests to demonstrate 
that the methods proposed are practicable, and it is the intention to continue this work 
that originated under Mr. Hadley’s direction. He was elected Chairman of this Com- 
mittee October 10th, 1931, and continued in that capacity until his death. 

The location of the Missouri Pacific Lines in Arkansas and Louisiana brought Mr. 
Hadley into intimate contact with the great flood of the Mississippi River in 1927. He 
spent many weeks at the ‘‘front” in that campaign, where, in many counties, Missouri 
Pacific box cars were the only shelter for a large part of the population. During this 
flood he escorted President Hoover, then Secretary of Commerce, on several trips through 
the flood region. He became a member of the Mississippi Valley Flood Control Com- 
mittee, consisting of the Chief Engineers of all the railroads operating in the territory 
affected. In connection with the work of this Committee, Mr. Hadley made frequent 
appearances before the House Flood Control Committee of the United States Congress. 
He took an active part in handling these flood control matters and made a most valuable 
contribution to the public service. 

During Federal Control Mr. Hadley was Engineering Assistant to the Regional 
Director of the Southwestern Region. This brought him into contact with most of the 
railroad men of the Southwest. It was during this period that he was able to perform 
an outstanding service to the railroad engineering profession. This service is summed up 
in the following words of a recent letter: 

“We can all recall the time when the engineering profession of this country, 
particularly that section of it associated with and working for the railroads, had 
to a certain extent lost caste. Mr. Hadley went into this matter vigorously and 
most sensibly, recognizing the responsibility and duties of the various positions con- 
nected with railroad engineering departments and worked out a comprehensive plan 
recognizing the value of the Engineer, and largely through his efforts, not only in 
the Southwest, but in the whole country, the railroad Engineer was put bn a just 
and fair basis as to duty, salary, etc., and this idea, promulgated by and fought for 
by Mr. Hadley, has been of great benefit to the engineering profession and their 
fapailies. From his efforts he has done more to add to the happiness and peace of 
mind of the railroad Engineers . . . than any other Engineer I have ever 
known.” 

Mr, Hadley became a member of the American Railway Engineering Association in 
January, 1911. Almost at once he entered into the activities of the Association, becom- 
ing a member of the Committee on Wooden Bridges and Trestles in 1912 and serving 
on that Committee until 1920. He served on the Track Committee from 1921 to 1924 
inclusive. At the time of his death he was a member of the Rail Committee, having 
been appointed in 1925, and Chairman of the Committee on Rivers and Harbors, having 
been appointed in 1951, after serving as Vice-Chairman in 1929 and 1930. He was Vice- 
Chairman of the Committee on Arrangements in 1930 and served as Chairman for the 
1932 convention. In 1931 he was elected a member of the Board of Direction for the 
three-year term. In 1931 he was appointed a member of the Committee on Standard- 
ization. What a splendid record of service graciously given for the benefit of others. 
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That his interests were not wholly confined to railroading is evidenced by his mem- 
bership in other organizations, including the American Society of Civil Engineers, the 
Engineers Club and the Circle Club of St. Louis, the St. Louis Traffic Club, the National 
Economic League, the Missouri Athletic Association and the Bellerive Country Club. 
He was a Director in the Missouri Pacific Hospital Association, as well as the Railroad 
Y.M.C.A. Soon after coming to St. Louis, Mr. Hadley became affiliated with the Pilgrim 
Congregational Church. He was also a member of Tuscan Lodge, A.F.&A.M., Missouri 
Consistory No. 1, M.R.S., and Moolah Temple, A.A.O.N.M.S. 

Mr. Hadley was married in 1902 to Lilia May Sturtevant, of Lowell. Mass. In addi- 
tion to Mrs. Hadley he is survived by one son, Carlton Sturtevant, and also by his 
mother, Mrs. Frank Milan (Lillian Eastman) Hadley of Lowell, Mass., a sister, Mrs. 
Harrison E. Byam of Lowell, Mass., and a brother, Walter E. Hadley of Maplewood, 
N.J. 

This Association, the Missouri Pacific Railroad, the Engineering Profession at large, 
and his multitude of friends have suffered a great loss by the passing of Mr. Hadley. 
All who knew him admired him for his kindly consideration and friendliness. “His 
cheerful thoroughness, unconsciously but none the less indelibly, impressed you with the 
feeling that gloom is negative and joy is positive.” 
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H. T. Rights, 

W. R- Rooe, 

W. J. Ryan, 

G. C. Tuthill, 
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Committee. 


To the American Railway En^neering Association: 

Your Committee respectfully presents herewith report covering the following sub- 
jects: 

(1) Revision of Manual. 

(2) Simplification of grading rules and classification of timber for railway uses, 
collaborating with other organizations dealing with this subject. 

(3) Overhead wooden or combination wooden and steel highway bridges, collabo- 
rating with Committees VIII — ^Masonry and XV — ^Iron and Steel Structures. 

(4) Design of standard wooden trestles for heavy loadings. 

(5) Relative merits of concrete and treated wooden trestles, collaborating with 
Committees VIII — ^Masonry and XVII — Wood Preservation. 

(7) Bearing power of wooden piles, with recommendation as to best methods of 
determination. 

(8) Best relationships between the energy of hammer and the weight or mass of 
pile for proper pile driving, to include concrete piles, collaborating with Committee 
VIII — ^Masonry. 

(9) Improved design of timber structures to give longer life with lower cost of 
maintenance. 

(10) Improved methods of strengthening existing bridges. 

(11) Design of washers, separators, cap-stringer straps and other trestle fastenings. 


Action Recommended 

1. That proposed changes in the Manual Appendix A be adopted. 

2. That Appendix B be received as information. 

3. That Appendix C be received as information. 

4. That Appendix D be received as a progress report. 

5. That Appendix E be received as information. 

7. That Appendix F be received as a progress report. 

8. That Appendix G be received as information. 

9. That Appendix H be received as a progress report. 

10. That Appendix I be received as information. 

11. That Appendix J be received as a progress report. 

Respectfully submitted, 

The Committee on Wooden Bridges and Trestles, 

H. Austill, Chairman. 

Bulletin 349, September, 1932. 
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Appendix A 

(1) REVISION OF MANUAL 

D. W. Smith, Chairman, Sub- Committee; F. H. Cramer, Wm. E. Hawley, Arthur Ridg- 
way, G. C. Tu thill. 

Your Committee recommends the following changes in the Manual: 


As in the 1929 Manual 

Page 450 — Definitions 

Screw PrLE.—One having a broad-bladed screw attached to its foot to provide a larger 
bearing area. 


Revision Recommended 

Screw Pile. — One having a broad-bladcd metal screw attached to its foot to aid in 
penetration and to provide a larger bearing area. 

As in the 1929 Manual 

Page 459 

(3) If properly handled in the creosoting plants, the strength of the timber is not 
materially reduced and can be used with the same working stresses as untreated timber. 


Revision Recommended 

(3) If properly handled in the treating plants, the strength of the timber is not 
materially reduced and can be used with the same working stresses as untreated timber 
of the same grade and conditions of exposure. 


As in the 1929 Manual 

Page 470 

12. Southern pine and Douglas fir piles shall have the following limiting dimensions: 

Diameter 3 ft. from Butt Diameter of Tip 

Min. 

10 in. 


Length Min. 

Under 40 ft 14 in. 

40 ft. to SO ft 14 in. 

SO ft. to 70 ft 14 in. 

70 ft. to 90 ft 14 in. 

Over 90 ft 14 in. 

Revision Recommended 

Under 40 ft 14 in 

40 ft. to SO ft 14 in. 

So ft. to 70 ft 14 in. 

70 ft. to 90 ft. 14 in. 

Over 90 ft Min. 


Max. 
18 in, 
18 in. 
18 in. 
18 in, 
20 in. 


18 in. 
18 in. 
18 in. 
20 in. 
22 in. 


9 in. 
8 in. 
7 in. 
6 in. 


10 in. 
9 in. 
Sin. 
7 in. 
7 in. 


Page 505 


As in the 1929 Manual 
Sizes of Joist and Plank 


Joist, Rafters, Scaffold Plank, Factory Flooring, etc. 


Nominal thickness: 
Nominal widths: 
Standard thickness: 
Standard widths: 


2" to 4" . 

4" and wider 

SIS or S2S: off 

4" to 7", SIE or S2E : off 

8" and wider, SlE or S2E : off 
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Revision Recommended 


Sizes of Joist and Plank 


Joist, RafterSj 

Standard nominal thicknesses 
Standard nominal widths 
Standard dressed thicknesses, 

SIS or S2S 

Standard dressed widths. 


Scaffold Plank, Factory Flooring, etc. 
2, 2J4, 3, and 4 in. 

4 in. and wider in multiples of 2 in. 

H in. off^ 


SlE or S2E 


4 to 7 in., ^ in. off« 

8 in. and wider, ^ in. off ^ 


As in the 1929 Manual 

Page 505 

Sizes of Beams and Stringers 
Beams, Girders, Stringers, etc. 
Nominal thickness: 5" and thicker 

Nominal widths: 8" and wider 


Revision Recommended 
Sizes of Beams and Stringers 
Beams, Girders, Stringers, etc. 

Standard nominal thicknesses S in., 6 in., and thicker in multiples of 2 in. 

Standard nominal widths 8 in. and wider in multiples of 2 in. 

Standard dressed sizes, 

SIS, SlE, S2S, or S4S 34 in. off « 

As in the 1929 Manual 


Sizes of Posts and Timbers 
Posts, Caps, Sills, Timbers, etc. 

Nominal sizes: 6" X 6" and larger 

Revision Recommended 
Sizes of Posts and Timbers 
Posts, Caps, Sills, Timbers, etc. 

Standard nominal sizes 6" X 6" and larger in multiples of 2 in. 

Standard dressed sizes, 

SIS, SlE, S2S, or S4S 54 in. off « 

“Lumber is dressed by running it through a planer and may be surfaced on one side 
(SIS), surfaced on two sides (S2S), surfaced on one edge (SlE), surfaced on two edges 
(S2E), or surfaced on a combination of sides and edges, (SlSlE), (S2S1E), (S1S2E), or 
(S4S). The standard minimum dressed dimension is the nominal size less the allowance 
for surfacing. In addition to providing a smooth surface, a further purpose in dressing 
lumber is to bring each piece to standard uniform dimensions throughout its length, and 
also to bring all pieces to the same dimensions. For these reasons, and because of the 
method of manufacture and planing, the allowance for surfacing is the same regardless 
of whether one or two opposite faces are surfaced. If a 2 by 8 in. joist is SIS or S2S, 
the minimum dressed thickness is 1§4 tbe width remaining the standard rough dimen- 
sion; that is, the nominal width of 8 in., subject to the slight variation in sawing per- 
mitted (Par. IB); if SlE or S2E the minimum dressed width is 754 in., the thickness 
remaining the standard rough dimension; that is, the nominal thickness of 2 in., subject 
to the slight variation in sawing permitted (Par. iB) ; and if (SlSlE, S2S1E, S1S2E, or 
S4S), the piece is dressed to the minimum size in both dimensions. The dressed dimen- 
sions apply to the moisture condition existing in the piece at the time of dressing, so that 
any subsequent drying will result in some shrinkage. Whether scantness of size is due to 
shrinkage or to overdressing may usually be determined by soaking the piece in water. 
If dressed originally to standard size, the soaked piece Will return to at least that size. 
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As in the 1929 Manual 

Page 506 

lA. ^ Structural Joist and Plank shall be when surfaced SIS or S2S not thinner than 
the nommal dimensions less ^ inch and when surfaced SlE or S2E not narrower than 
the nonoinal width less ^ inch for sizes 2 to 7 inches, inclusive, and less inch for 
sizes 8 inches and wider. 


Revision Recommended 

lA. Structural joist and plank when SIS or S2S shall be not thinner than the 
nominal thickness less ^ inch, and when SlE or S2E not narrower than the nominal 
width less ^ inch in pieces 4- to 7 inches in width, inclusive, and less ^ inch in pieces 8 
inches and wider. 

As in the 1929 Manual 

Page 506 

IB, Rough Structural Joist and Plank shall be not thkiner than the nominal dimen- 
sions le^ % inch, and not narrower than the nominal width less J4 inch for sizes 2 to 7 
inches, inclusive, and less ^ inch for sizes 8 inches and wider. 

Revision Recommended 

IB. Rough structural joist and plank shall be sawn full to nominal dimensions, 
except that occasional slight variation in sawing is permissible. Plowevcr, at no part of 
the len^ shall any piece, because of such variation in sawing, be thinner than the 
nominal thickness less 54 inch in pieces 2 inches in thickness, and less A inch in pieces 

3 and 4 inches in thickness, nor narrower than the nominal width less A inch in pieces 

4 to 7 mch^ ^ inclusive, and less 5^ inch in pieces 8 inches and wider. Further, 
no snipment shall contain more than 20 per cent of pieces of minimum dimensions. 


As in the 1929 Manual 

Page 506 

and Stringers shall be when surfaced SIS, SlE, S2S or S4S 
fnr the nominal size less H inch for sizes 7 inches and loss, and less inch 

lor sizes o inenes and over. 

Revision Recommended 


Page 506 


As in the 1929 Manual 


size the nominal 

e less 4 mch for sizes 7 inches and less, and less H inch for sizes 8 inches and over. 


Revision Recommended 

®hall be sawn full to nominal dimen- 
P^of M SZ We P«™«“ble. However, at no 

the'nominal din^ons iZ A inch iSi otecra “ awmg, be smaller than 

inch in nieces 8 wZZiZl u ...S ^ ® “'^hes in amensions, and less % 


Page 506 as in tne 1929 Manual 

3A. Strurtural Posts and Timbers diall be when surfaced Si"? diF coc .. c.c * 
smaller thaw the nominal S2S or S4S not 

^,8 inchesZd^^ size less 54 mch for sizes 7 mches and less, and less ^ inch for 

■ Revision Recommended 

th« ^;iSjtSnT^Zh"'‘“ shall be hot smaller 
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As in the 1929 Manual 

Page 506 

3B. Rough Structural Posts and Timbers shall be not smaller than the nominal size 
less 54 inch for sizes 7 inches and less, and less ^ inch for sizes 8 inches and over. 

Revision Recommended 

3B. Rough structural posts and timbers shall be sawn full to nominal dimensions, 
except that occasional slight variation in sawing is permissible. However, at no part of 
the length shall any piece, because of such variation in sawing, be smaller than the 
nominal dimensions less inch in pieces 6 inches in dimensions and less 54 i^ch in 

pieces 8 inches and larger. Further, no shipment shall contain more than 20 per cent of 
pieces of minimum dimensions. 


As in the 1929 Manual 

Page 527 

2B. Rough Structural Beams and Stringers shall be not smaller than the nominal 
size less % inch for sizes 7 inches and less, and less ^ inch for sizes 8 inches and over. 

Revision Recommended 

2B. Rough structural beams and stringers shall be sawn full to nominal dimen- 
sions, except that occasional slight variation in sawing is permissible. However, at no 
part of the length shall any piece, because of such variation in sawing, be smaller than 
the nominal dimensions less ^ inch in pieces 5 and 6 inches in dimensions, and less yi 
inch in pieces 8 inches and larger. Further, no shipment shall contain more than 20 
per cent of pieces of minimum dimensions. 

As in the 1929 Manual 

Page 530 

3A. Structural Posts and Timbers shall be when surfaced SIS, SlE, S2S or S4S not 
smaller than the nominal size less 54 hich for sizes 7 inches and less, and less Yt. inch for 
sizes 8 inches and over. 

Revision Recommended 

3 A. Structural posts and timbers when SlS, SlE, S2S, or S4S, shall be not smaller 
than the nominal dimensions less ^ inch. 

As in the 1929 Manual 

Page 533 

lA. Structural Joist and Plank shall be when surfaced SlS or S2S not thinner than 
the nominal dimension less 54 2 ,nd when surfaced SlE or S2E not narrower than 
the nominal width less 54 inch for sizes 2 to 7 inches, inclusive, and less 54 inch for sizes 
8 inches and wider. 

Revision Recommended 

lA. Structural joist and plank when SIS or S2S shall be not thinner than the 
nominal thickness less 54 inch, and when SlE or S2E not narrower than the nominal 
width less 54 inch in pieces 4 to 7 inches in width, inclusive, and less 54 inch in pieces 
8 inches and wider. 


Appendix B 

(2) SIMPLIFICATION OF GRADING RULES AND CLASSIFICATION 
OF TIMBER FOR RAILWAY USES 

W. E. Hawley, Chairman, Sub-Committee; H. M. Buell, C. R. Chevalier, H. M. Church, 
C. J. Hogue, R. W. Kennedy, J. A. Newlin. 

Some progress is being made by regional lumber associations in developing regional 
grading rules for structural timber but these have not been advanced far enough to give 
time for consideration by this Committee, and therefore we have no definite recommen- 
dation to report at this time. 
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Appendix C 

(3) OVERHEAD WOODEN OR COMBINATION WOODEN AND 
STEEL HIGHWAY BRIDGES 

R. P. Hart, rhair mao, Sub-Committee ; F. H. Cramer, R. W. GustaCson, G. W. Rear, 
G. C. TtttbiU, J. L. Vogel. 

Study of this subject has been continued but sufficient progres.s ha.s not been made 
to permit presenting any new plans this year. 

Attention is directed to two articles by Conde B. McCullough, Bridge Engineer, 
Oregon State Highway Commission, concerning developments in timber highway bridge 
construction; the first appearing in Civil Engineering, Vol. 2, No. 9, September, 1932, 
entitled “Modern Short-Span Bridges”, and the second appearing in Engineering-News 
Record, Vol. 109, No. 8, August 25, 1932, entitled “Timber Highway Bridges in Oregon”. 

Appendix D 

(4) DESIGN OF STANDARD WOODEN TRESTLES FOR 
HEAVY LOADINGS 

F. E. Bates, Chairman, Sub-Committee; H. M. Church, W. R. Edwards, J, A. Newlin, 
W. R. Roof, W. J, Ryan, D. W. Smith. 

The Committee proceeded with a study of the subject but has no definite report to 
make at this time. 

Appendix E 

(5) RELATIVE MERITS OF CONCRETE AND TREATED 
WOODEN TRESTLES 

Arthur Ridgway, Chairman, Sub-Committee; F. E. Bates, F. H. Cramer, S. F. Grear, 
C. J. Hogue, R. W. Kennedy, G. W. Rear, 

The efforts of the Committee this year have been directed largely towards the 
obtaining of data as to the cost of maintenance of treated wooden trestles. 

Recorded costs of repairs for about 175 bridges of various heights, lengths, and ages 
have been assembled. There have also been Collected reliable data on the cost of con- 
crete trestles. 

Notwithstanding the vast amount of study and investigation the Committee has 
devoted to the subject, it is not in a position to report definite conclusion in the matter 
at this time. 


Appendix F 

(7) BEARING POWER OF WOODEN PILES, WITH RECOMMENDA- 
TION AS TO BEST methods OF DETERMINATION 

Chainnan. Sub-Committee; L. R. Boettcher, H. M. Buell. G. W. Rear, 
W. J. Ryaa, G. C. Tuthill, J. L. Vogel. 

The Committee invites attention to an article on “Tests of Model Piles,” by L. C. 
WHcoxen, .^sistant Civil Engineer, City Engineer’s Office, Detroit, Michigan, appearing 
in En^eering News-Record, November 3, 1932. 

tiie Committee has continued the cbUectiOh of Such data as has been found to be 
available, but is not prepared at this time to submit any conclusions. 
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Appendix G 

(8) BEST RELATIONSHIPS BETWEEN THE ENERGY OF HAM- 
MER AND THE WEIGHT OR MASS OF PILE FOR PROPER PILE 
DRIVING, TO INCLUDE CONCRETE PILES 


C. R. Chevalier, Chairman, Sub-Committee j J, H. Gardner, R. W. Gustafson, W. L. 

Peoples, H. J. Rights, W. J. Ryan. 

The first report on this subject was made at the 1932 Convention, and appears in 
the November 1931 Bulletin, pages 255 to 257. Nothing since has come to the atten- 
tion of the Committee to cause any material change in the conclusions therein reported. 

Exhibit “A” of Appendix G of the above report should he revised as follows: 

Line one, column eleven, insert 35 in blank space. 

Change total of column thirteen from 60.47 to 51.56. 

Change average of column thirteen from 2.08 to 2,24. 

Additional data collected by the Committee is given in Exhibit “A”. 

During the summer of 1932, the Bridge Department of the Missouri Pacific Rail- 
road conducted tests at North Little Rock, Ark.? three piles of the same length being 
driven to the same penetration, this being a depth where it was expected further pene- 
tration or settlement could be secured by a superimposed load. The results of this test 
are given in Exhibit “B”, It appears from this test and from tests made at Kansas City, 
Mo., in 1912 that the commonly used Engineering News formula does not always give 
a very large factor of safety. 

The Committee invites attention to a paper by Roland Bennett, on “Pile-Driving 
and the Supporting Capacity of Piles,” published by the Institution of Civil Engineers, 
London, England, in 1931. 


Exhibit B 


Kind of Pile 
Length of Pile, in feet 
Diameter, in inches . . 


Area of cross-section in square inches 

Perimeter, in feet 

Penetration, in feet 

Area in contact with soil, square feet 

Weight of Pile, in pounds 

Energy of hammer, in foot-pounds 

Weight of hammer 

Weight of pile cap, in pounds 

Thickness of Wood Cushion, in inches 

Average penetration, last few blows, in inches . . , 

Safe load, by Engr. News formula, in tons 

Superimposed load at beginning of test, in tons . 
Load giving first indication of settlement, in tons 
Final load to obtain equal settlement, in tons . . - 

Total settlement under final load, in feet 

Spring up after load was removed, in feet 

Per cent — area of cross-section 

Per cent — ^perimeter • * • • 


Creosoted 


Pine 

20 

Butt 15 
Tip 12 
Av. 13^ 
143 
3.534 
18,5 
66 
1,320 
15,000 
9,6Q0 
1,200 
0 

3/4 

1L6 

5 

5 

44 

0.069 

0.014 

100 

IQO 


Concrete 

20 

16 

212 

4.417 

18.5 

76 

4,400 

15,000 

9,600 

1,200 

2 

3/5 

21.4 

10 

10 

61 

0.063 

0.014 

148.2 

125 


Concrete 

20 

24 

480 

6.667 

18.5 

112 

10,000 

24,375 

16,250 

5,000 

2 

3/7 

46.0 

20 

32 

94 

0.065 

0.012 

335.7 
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Per cent — ^area in contact with soil 100 113 170 

Per cent— supporting power by Engr. News formula 100 121.6 261.4 

Per cent— final superimposed loads, equal settlement 100 138.7 213.7 

Energy, in foot-pounds divided by weight of pile in pounds 11.36 3.41 1.22 

Second Driving to determine *‘set” 

Energy of hammer, in foot-pounds ... 24,375 24,375 

Number of blows to start pile ... 3 3 

Average penetration, last few blows, in inches ... 1/3 1/5 

Safe load, by Engr. News formula, in tons ... 56 81 

Energy, in foot-pounds divided by weight of pile in pounds . . . 5.54 1.22 


Piles driven May 27, 1932; ground was saturated with water to fill any voids around 
piles caused by driving. Loading began June 8 and was continued until July 19, after 
which no settlement occurred. Began removing loads July 25. Second driving done 
August 25, 1932. 


Appendix H 

(9) IMPROVED DESIGN OF TIMBER STRUCTURES TO GIVE 
LONGER LIFE WITH LOWER COST OF MAINTENANCE 

F, H. Cramer, Chairman, Sub-Committee; F. E. Bates, L. R. Boettcher, H. M. Buell, 
H. M. Church, J. A. Newlin, W. L. Peoples. 

The Committee reports progress. 


Appendix I 

(10) IMPROVED METHODS OF STRENGTHENING EXISTING 

BRIDGES 

S. F. Grear, Chairman, Sub- Committee; W. R. Edwards, T. H. Gardner, R. P. Blart, 

W. L. Peoples, H. T. Rights, W. R, Roof. 

In preparing this report, it is assumed that the intent is to outline methods of 
changing structures to a heavier type and not to cover ordinary repairs. This will cover 
only wooden trestles. 

The strengthening of old structures should be done in a manner to bring them as 
nearly as possible to the established standard for the district. 

Standard materials must be used to the fullest possible extent to avoid the neces- 
sity of carrying special sizes for repairs. 

In general, treated and untreated materials must not be mixed in the same structure. 

Any additional piles or posts placed in a bent should be placed as closely as pos- 
sible under the rails. This puts the new bearing where it gets the direct load and where 
it strengthens the existing cap. 

When additional stringers are necessary, the old stringers must be loosened and re- 
spaced so that the stringers as a unit are symmetrical about the center line of the rail. 
New stringers must be bolted to the old stringers. 

Cross bracing must be changed so that it will be fastened to the new members of 
the bent. 

Any bolt holes left in treated material must be swabbed with hot creosote oil and 
filled with treated plugs; any cut surfaces in treated material must be painted with hot 
creosote oil. 

The above methods will, in general, preclude the necessity of putting in heavier caps 


1 J.S..* 
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Where strengthening is due to causes other than design, different methods are re- 
quired. 

A frequent source of trouble is the lack of proper bearing power of piles. This con- 
dition may be remedied, in some cases, by posts on sills but this is a makeshift and is 
to be considered only as a temporary arrangement. 

Where waterway conditions permit^ helper bents will strengthen both the bents and 
stringers and can generally be so spaced as to become part of a replacement structure. 

Trestles which must be raised to have three or more caps should have outside batter 
piles driven in line with each bent, and the top cap made long enough to reach the tops 
of these batter piles. These piles serve to stiffen the trestle both laterally and longi- 
tudinally. Bracing must be changed so as to be attached to all caps. 

When additional piles in the line of the bent are required to carry the load, double 
caps must be used where necessary to distribute the load. 

It is the recommendation that this report be received as information. 


Appendix J 

(11) DESIGN OF WASHERS, SEPARATORS, CAP-STRINGER 
STRAPS AND OTHER TRESTLE FASTENINGS 

R. W. Gustafson, Chairman, Sub-Committee; L. R. Boettcher, T. H. Gardner, R. P. 
Hart, R. W. Kennedy, J. L. Vogel, H. T. Rights, W. R. Roof. 

The Committee has collected the standard design plans of a number of the larger 
railroads to use as a basis of study of the subject. 

The Committee reports progress but has been unable to make sufficient study for 
preparation of a report. 



REPORT OF COMMITTEE XII— RULES AND 
ORGANIZATION 


E. H. Barnhart, Chairman; W. 0. Ctjdworth, 

F. W. Armistead, 

M, M. Backus, 


W. C. Barrett, 

D. P. Beach, 

L. D. Beatty, 
Richard Brooke, 
H. L. Browne, 

P. D. Coons, 


J. L. Downs, 

J. T. Fitzgerald, 
H. W. Graham, 
A. B. Griggs, 

H. C. Hayes, 

E. G. Hewson, 
A. A. Jackson, 
A.R. Jones, 


R. E. Warden, Vice-Chairman; 

B. R.Ruep, 

W. C. Mack, 

H. A. March, 

F. R. PUDER, 

W. A. Radsrinner, 

W. B. Stimson, 

C. B. Teller, 

F. B.Wiegand, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presepts herewith report covering the following 
subjects: 

1. Revision of Manual, collaborating with appropriate committees (Appendix A), 
The Committee offers for approval and printing in the Manual the changes outlined 

in Appendix A, the same to be substituted for the existing subject matter. 

2. Rules for the guidance of employees of the Maintenance of Way Department, 
with special reference to: 

(a) ' Maintenance of bridges collaborating with Committee VIII — ^Masonry, 

and XV — ^Iron and Steel Structures (Appendix B). 

(b) Maintenance of telegraph and telephone lines and appurtenances, col- 
laborating with committee appointed by Telegraph and Telephone Section, 

(c) Maintenance of terminal structures other than buildings, collaborating with 
Committee XIV—Yards and Terminals and XXHI — Shops and Locomo- 
tive Terminals (Appendix C). 


2-a. The Committee offers for approval and printing in the Manual Rules 1150 
to 1165 inclusive, as shown in Appendix B — ^Rules for Maintenance of Bridges — Masonry 
and composite stmctures. These rules have the approval of Committees VIII — Masonry 
and XV — Iron and Steel Structures. 

2-b. The Sub-Committee having in charge the preparation of rules for maintenance 
of telegraph and telephone lines and appurtenances has had no meeting this year with 
the representatives of the Telegraph and Telephone Section. An agreement reached last 
year to the effect that the committee of the T&T Section would draft from their 
Manual such rules which properly belonged to Maintenance of Way employees was not 
fulfilled by the T&T committee, as such rules were not submitted to the Sub-Committee. 

2-c. The Committee offers for approval and printing in the Manual Rules 1278- 
1289 and 1299 as shown in Appendix C, Rules for Maintenance of Terminal Structures 
other than Buildings. These rules have the approval of Committees XIV—Yards and 
Terminals and XXIII — Shops and Locomotive Terminals. 

3. Titles employed to designate positions of corresponding rank in Maintenance of 
Way service subordinate to that of Division Engineer, recommend appropriate titles for 
position known as “Assistant Engineer” in all departments, considering the duties 
involved. 

The Committee has given considerable study and analyzed very thoroughly the in- 
formation obtained through a questionnaire last year and presents for information 
data shown in Appendix D, with the special request that members of the Asso- 
ciation who are interested in clearing up this very confusing use of the title give 
earnest thought and consideration to the recommendations and communicate with the 
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Committee during the ensuing year. A large number of replies would indicate a wide- 
spread interest in this very interesting subject and better enable the Committee to make 
definite recommendations for printing in the Manual. 

4. Rules for fire prevention as applying to the Maintenance of Way Department, 
collaborating with the Railway Fire Protection Association and National Board of Fire 
Underwriters. 

The Committee offers as information in Appendix E a number of rules on fire pre- 
vention. The rules offered last year for information have been carefully gone over and 
revised by the Committee and these rules have the approval of the National Board of 
Fire Underwriters. The Committee hopes to be in position next year to secure the 
approval of all interested bodies and be able to present a recommendation for approval 
and printing in the Manual. 

Respectfully submitted, 

The Committee on Rules and Organxzaiion, 

E. H. Barnhart, Chairman, 


Appendix A 

(1) REVISION OF MANUAL 

P. D. Coons, Chairman Sub-Committee 

RULES FOR INSPECTION OF BRIDGES, TRESTLES AND CULVERTS (p 847) 


Rule 1353. 

Present Form 

These bridge inspectors shall forward to the 

in (duplicate) on the 

(triplicate) 

proper form provided, a report of each 
bridge, trestle or culvert inspected, enum- 
erating in detail the parts of each struc- 
ture inspected, giving the conditions found 
in each individual part. One of these 
forms must be forwarded for each struc- 
ture inspected, and shall be complete in 
itself, showing the actual conditions as 
found, regardless of what may have 
previously been reported. These reports 
must be forwarded at the end of each 
day^s inspection. 

Rule 1415. 

(Page 859) 

Present Form 
♦Forms 

1415, Form to be used by Division 
Bridge Injector for general inspection of 
all bridges, trestles and culverts should be 
printed m books of loo or more leaves, 
each leaf bdng perforated and having a 
carboifeed back. The backs of the books 
^puld be stiff cardboard or linen and size 
should not exceed 4^ inches by 6^ inches. 

* Forms not yet submitted. 


Rule 1353. 

Proposed Form 

These bridge inspectors shall forward to the 

in (duplicate) on the 

(triplicate) 

proper form provided, a report of each 
bridge, trestle or culvert inspected, giving 
the conditions found. One of these forms 
must be forwarded for each structure in- 
spected, and shall be complete in itself, 
showing the actual conditions as found, 
regardless of what may have previously 
been reported. These reports must be for- 
warded at the end of each day’s inspection. 


Rule 1415. 
Proposed Form 
Withdrawn in its entirety. 



Rules and Organization 


77 


Appendix B 

(2-A) RULES FOR MAINTENANCE OF BRIDGES— MASONRY 

A. B. Griggs, Chairman, Sub-Committee- 

1150. Driftwood or other debris must not be permitted to accumulate around the 
base of bridge masonry. 

1151. All obstructions to proper drainage in the channel must be removed. If ob- 
structions are caused by a faulty channel, the obstruction should be removed by chang- 
ing the channel. 

1152. Where any scouring or undermining of bridge masonry is found, riprap or 
other forms of protection must be installed. 

1153. Where foundations are badly undermined or the relative elevation of the 
stream bed and the bottom of the masonry are not considered proper, the foundation 
should be lowered. 

1154. Where examination reveals weakness of masonry on account of undersize of 
foundation, the dimensions of same must be increased as required for safe loadings. 

1155. Where arches or culverts have been subjected to excessive scouring or under- 
mining additional protection should be provided in the form of paving, inverts, apron 
or curtain walls. 

1156. Where masonry is subjected to the action of ice or other abrasion causing 
disintegration, protection work of proper design must be installed and the masonry re- 
paired. 

1157. Where masonry is founded on timber, previously under water which subse- 
quently becomes exposed to the air, proper masonry foundation must be substituted or 
the structure removed and rebuilt. 

1158. Where movement has become restricted at expansion joints, they must be 
repaired to allow the joints to function as designed. 

1159. Where failure of arch rings occur as indicated by cracks or flattening of the 
arch, temporary support must be provided until permanent repairs can be made. 

1160. Drains or “weep holes” in bridge masonry must be kept open to insure full 
operation of the drainage system. 

1161. Inadequate drainage of bridge masonry should be remedied by installation 
of drain tile or pipe. 

1162. Bridge seats that have become weakened through deterioration or overload 
must be replaced with approved quality of reinforced concrete or granite masonry. En- 
gineering plans to cover each case will be furnished. 

1163. Areas of masonry that have become deteriorated must be repaired prior to 
reaching an extent endangering the strength of the structure. These areas must be re- 
paired with good quality concrete, observing specifications for repairing deteriorating 
concrete. 

1164. Stone or concrete structure showing deterioration over a large part of the 
surface, or which is otherwise structurally weak, must be rebuilt or be reinforced by an 
encasement of good quality concrete in accordance with approved plans. 

1165. Joints in stone masonry must be kept well pointed. Before pointing, all loose 
material must be removed and the joints well-moistened. 


Appendix C 

2 (C) RULES FOR MAINTENANCE OF TERMINAL STRUCTURES 
OTHER THAN BUILDINGS 

B. R. Kulp, Chairman, Sub-Committee. 

Turntables 

1278. Turntables must be given close inspection at regular intervals. 

1279. Careful maintenance must be given at all times by each Department assigned 
to various units. The center pier must be kept level, firm and unyielding. 

1288. Circle rails must be kept in correct surface and alignment. 

1289. Track rails must be in good surface, anchored against end movement and 
properly supported at the ends of tables. 
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^ 0 “" Recairs must not be made with open flame lights, and in no case until in- 
vestSn haTbe^n made to determine that there do not e.ist any ml or gas fumes. 

Appendix D 

(3) appropriate titles for assistant engineers 

Richard Brooke, Chairman, Sub-Committee, 


Duties of Position 
In charge of office engineer- 
ing work in office of Chief 
Engineer ^ 

Special investigations, stud- 
ies, estimates and reports 
In charge of reconnaissance 
and of location on an en- 
tire system, or region of a 
large system 

In charge of a reconnais- 
sance or location on a spe- 
cific project 

In charge of construction 
on an entire system, or re- 
gion of a large system 
In charge of large con- 
struction projects 
In charge of a specific proj- 
ect, such as ten miles of 
new line or equivalent 
General inspection of con- 
struction work 
In charge of office engineer- 
ing work in office of Con- 
struction Engineer 
Special maintenance in- 
vestigations 
(11) ^Preparation of plans and 
estimates and supervision of 
field and office engineering 
work 

Inspection of track and 
roadbed 

Inspection of bridges and/or 
buMings on an entire sys- 
tem, or region of a large 
system 

Special bridge and/or build- 
ing investigations, studies, 
estimates and reports 
Bridge design (particular 
(projects) 

Bridge erection on a spe- 
cific project 

Budding design and erection 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

( 10 ) 


( 12 ) 

(13) 

(14) 


(15) 

(16) 

(17) * 

(18) 


Reporting to 

Proposed Title 

Chief Engineer or 

Assistant Chief Engineer 

Office Engineer 

Chief Engineer or 

Assistant Chief Engineer 

Special Engineer 

Chief Engineer 

Locating Engineer 

Locating Engineer 

Assistant Locating 
Engineer 

Chief Engineer 

Construction Engineer 

Construction Engineer 

Assistant Construction 
Engineer 

Construction Engineer or 
Assistant Construction 
Engineer 

Resident Engineer 

Construction Engineer 

Construction Inspector. 

Construction Engineer 

Office Engineer, 
Construction 

Chief Maintenance 

Special Engineer 

Officer 

Maintenance 

Division Engineer 

Assistant Engineer, 
Maintenance 


m 


Water service, de^gn, cmi- 
strqcBon and/or mainte- 
nance \ 

MisceBaneous valiiation 
work 


Chief Maintenance Offi- 
cer or an Assistant 
Chief Maintenance Offi- 
cer or Bridge Engineer 
and/or Building Engineer 

Chief Maintenance Offi- 
cer or Bridge Engineer 
and/or Building Engineer 
Bridge Engineer or an 
Assistant 
Bridge Engineer 

Building Engineer 

Chief Water Service 

(Mcer 

Valuation Engineer 


Maintenance Inspector 

General Bridge and/or 
Building Inspector 


Special Engineer, 
Bridges and/or Build- 
ings 

Bridge Designer 

Assistant Engineer, 
Bridge Erection 
Assistant Engineer, 
Buildings 

Assistant Engineer, 
Water Service 

Assistant Engineer, 
Valuation 


t Jliis title was adopted by the Convention in March, 1931, and printed in Bulletin 347, page 29 
(Revisions and Additions to the Manual). 
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Appendix E 

(4) RULES FOR FIRE PREVENTION AS APPLYING TO 
MAINTENANCE OF WAY DEPARTMENT 

H. C. Hayes, Chairman, Sub-Committee. 

General 

33. Employees must give full co-operation to Fire Prevention measures. 

Division Engineers 

302. They must see that employees under their jurisdiction are properly instructed 
in fire prevention rules, alert in decreasing fire hazards and exacting in the maintenance 
and operation of fire fighting apparatus. When locating buildings and structures they 
will see that attention is given fire prevention. 

Supervisors of Track 

316. They must give particular attention to fire hazards from adjoining property 
and from structures erected on railway property by lessees. 

317. They must see that those under their supervision do not obstruct fire roads, 
fire hydrants and hose houses. 

318. They must see that no lumber, ties, piling or other inflammable materials are 
piled within fifty (SO) feet of any important building and that automobiles or trucks are 
not parked in a manner which constitutes a fire hazard. 

319. They must know that their Foremen understand and observe fire prevention 
rules. 

Supervisors of Bridges and Buildings 

374. They must give particular attention to fire hazards where the risk is ex- 
treme, such as oil houses, paint shops, wood coal chutes, and cotton platforms. 

375. They must make proper reports to superiors of any unguarded fire hazards. 

376. They must see that those under their supervision do not obstruct fire escapes 
and exit passages thereto, fire doors, hose reels, fire hydrants, fire roads, and hose houses. 

377. They must see that those under their supervision are familiar with the 
location and use of the nearest fire alarms. 

378. They must see that all sprinkler systems and fire lighting apparatus are main- 
tained in accordance with the regulations of the National Board of Fire Underwriters, 

379. They must .arrange for the proper co-operation of all municipal fire 
departments. 

379-A. They must make recommendations for necessary fire walls, doors, shutters, 
and for the removal of any fire hazards. 

379-B. They must know that their Foremen understand and observe fire prevention 

rules. , . 

379-C. They must see that inflammable materials are stored so as to confine any 

fire to the place of origin. 

Supervisors of Water Service • ' 

423. They must know that fire pumps and fire lines are in working condition and 
able to deliver sufficient volume of water to quench any fire on the property. They must 
see that fire hydrants and hose are always ready for instant use. 

424. They must see that where possible proper connections are made to all muniapal 

fire mains. , . , , t i- 

425. They must know that their Foremen understand and observe fire prevention 

rules. 
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J. B. Wesley, 

A. E. WiLLAHAN, 

R. S. Wilson, 

Committee. 


To the American Railway Engineering Association: 

Your Committee on Water Service and Sanitation reports on the following subjects: 

(1) Revision of Manual (Appendix A). It is recommended that the report as 
outlined in Appendix A be adopted for publication in the Manual. 

(3) Methods and value of water treatment with respect to estimating and sum- 
marizing possible savings effected (Appendix B) . It is recommended that the report be 
received as information. 

(4) Methods for reporting annual summary water station and treating plant oper- 
ation (Appendix C) . It is recommended that the report be received as information. 

(5) Development of deep weU pumping equipment (Appendix D). It is recom- 
mended that the report as shown in Appendix D be received as information. 

(7) Standard methods for analyses of chemicals used in water treatment (Appen- 
dix E). Recommended that the report as shown in Appendix E outlining standard 
methods for analysis of hydrated lime and soda ash be adopted as recommended practice 
and included in the Manual, 

(8) Progress being made by Federal and State authorities on regulations pertaining 
to railway sanitation, collaborating with the Joint Committee on Railway Sanitation, 
A. R. A. (Appendix F), Recommended that the report as shown in Appendix F be 
received as information. 

(9) Sewage disposal where sanitary facilities are not available (Appendix G). 
Recommended that the report be received as information. 

Progress is reported on the following subjects: 

(2) Pitting and corrosion of boiler tubes and sheets. 

(6) Design and maintenance of track pans for locomotive water supply. 

Respectfully submitted, 

The Committee on Water Service and Sanitation, 

R. C. Bardwell, Chairman. 
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The above weights are per length to lay 12 feet, including standard sockets ; proportionate allowance to be made for any variation. 
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Appendix B 

(3) METHODS AND VALUE OF WATER TREATMENT WITH 
RESPECT TO ESTIMATING AND SUMMARIZING POSSIBLE 
SAVINGS EFFECTED 

R. E. Goughian, Chairman, Sub- Committee; W. M. Barr, R. W. Chorley, W. L. Curtiss, 

J. H. Davidson, R. N. Foster, J. P. Hanley, J. H. Gibboney, J. R. Hickox, R. L. 

Holmes, P. M. LaBach, R. M. Stimmel, W. 0. Towson, H. W, Van Hovenberg, 

J. B. Wesley. 

In the report of 1931 your Committee endeavored to furnish available information 
regarding the various methods of eliminating maintenance of boilers when using water 
containing varying amounts of incrusting solids. 

It should be understood that there is no fixed rule as to the application of any of 
the methods outlined in any of the previous reports, because of the fact that after com- 
piling such information as is available up to the present time the Committee is of the 
opinion that each installation of water treatment or water treating facilities should be 
made only after a thorough survey of each individual water station has been completed. 

The available water in the district as well as the operating conditions under which 
the water is to be used must be considered. Such a survey and recommendation of 
treatment is of little value unless the Motive Power Department, as well as the Oper- 
ating Department, is freely consulted and their co-operation obtained. 

There is no question but what there is a large field for all of the recognized methods 
of water treatment outlined in previous reports. The main question to be determined 
under present-day operation is which method is most suitable with regard to results 
obtained for the capital invested as well as which method gives the most satisfactory 
results with a minimum of operating costs. 

Practically all* natural water used for steam generation can be improved by some 
form of treatment. The amount and character of the incrusting solids as well as the 
importance of the water station should determine the method of treatment. The quality 
of softened water must also be considered, as it is false economy to soften water of such 
high scaling content that the softened water is unfit for locomotive boiler use because 
of its high foaming tendency, especially when used with other water of the same dis- 
trict. In some cases it is advisable to change the source of supply before any method 
of treatment is considered. 

During the past year your Committee has asked all Class I railroads to furnish 
information as to just what improvements might be attributed to water treatment from 
which a monetary value might be calculated. 

The replies give confirming evidence from actual observation before and after treat- 
ment, showing that there is a definite improvement. 

A summary of the characteristic replies obtained shows:— 

1. Records show that boiler work has decreased SO per cent and that locomotives 
are no longer shopped for boiler work alone. Previous to correcting water con- 
dition the service was unreliable and it was often necessary to use two loco- 
motives per train. Boilers were frequently washed every trip, whereas they now 
operate from 15 to 30 days. 

2. Prior to installation of water treatment, scale and corrosion were very bad. 

Boilers were washed on some districts every 100 miles, whereas they now operate 
from 400 to 1,000 miles before washout. Treatment has also decreased the cor- 
rosion. . , , . 

3 Life of boiler material increased over 100 per cent with a reduction of S6 per 
cent in actual boiler maintenance costs since water treatment has been msti&sd 
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4. Boiler maintenance reduction over 80 per cent. Locomotive boiler failures prac- 
tically eliminated and governed extensions being obtained on many locomotives 
which have been operating the full four year allowance. Increased mileage be- 
tween washouts results in a net saving of over $2,000 per month in labor costs 
alone. 

5. Estimate $1,000,000 per year saving due to water treatment. 

6. 95 per cent of firebox renewals have been eliminated and life of boiler flues 
extended over 200 per cent since water treatment has been installed. 

Practically all the information furnished at this time confirms the findings of this 
Committee given in the report of 1925 Vol. 26. Since 1925 more railroads have gone 
into the question of water treatment more thoroughly and the legitimate boiler com- 
pounds and treatment of known compositions have been replacing the “cure-all” treat- 
ments of earlier days in railroad service. 

Five methods of water treatment are in use on the railroads of today: 

(1) Lime and Soda Ash complete treatment with and without coagulent. 

(2) Zeolite treatment. 

(3) Boiler compound. 

(4) Soda Ash. 

(5) Sodium Aluminate liquid treatment. 

These are in fact the only recognized treatments now in use. 

The additional information obtained at this time shows that since the 1925 report 
was published, savings which were intangible at that time are now becoming more appar- 
ent. One of the most pronounced of these is the actual extension of time granted by 
the Federal Bureau of Steam Locomotive Inspection, which bureau has granted many 
extensions of one year additional to locomotive boilers which have operated four years. 
Actual inspection of these boilers show them to be in such excellent condition that there 
is no hesitancy on the part of the inspector to allow these locomotives to continue to 
operate for another year. This monetary saving can be easily calculated by extending 
the actual shopping cost of this class of boiler work. Another apparent saving having 
a decided monetary value is in the extended mileage operated between washouts. Where 
the former practice was the washing of boilers every 200 to 800 miles, most railroads 
now operate from 1,000 to 3,000 miles between washouts and in some cases as high as 
5,000 to 6,000 miles are on record. This would be a physical impossibility without some 
form of water treatment to correct the incrusting solids in the natural water. 

The question has also arisen as to the advisability of changing the figure previously 
reported as 13 cents as the value of one pound of scale removed from water for boiler 
use before the water is supplied for use. If this figure is used with judgment it is 
found to be a conservative estimate. In many cases it has been found to 
be too low. It is true that this figure cannot he accurately used on water containing 
mostly sulphates of lime and magnesia as compared to a water containing all carbonates 
or on water of a corrosive character which might be low in hardness or of water low in 
hardness and high in suspended matter. In all cases the Engineer’s judgment and ex- 
perience must also be utilized. The figure is the best measuring stick of general con- 
ditions that we have been able to obtain up to the present time. 

It is unquestioned that the removal of scale forming solids from the water has been 
an important factor ha accomphshuig the long runs of locomotives, which practice is 
now in general use. This has eliminated many of the outlying terminals and accom- 
plished marked reduction in operating expenditures. It is also a fact that extended 
boiler washings as practiced on many roads today are also impossible without some 
form of treatment being used to neutralize hard water, The extended washouts have 
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also contributed a marked saving in operation. For these reasons it is felt that in spite 
of the reduced wages paid to the men now maintaining boilers as well as the reduced 
price of boiler material, that in view of the above tangible savings effected by the rail- 
roads during the past five years, the figure of 13 cents per pound for scale removed is 
conservative for estimating purposes. 


Appendix C 

(4) METHODS FOR REPORTING ANNUAL SUMMARY WATER 
STATION AND TREATING PLANT OPERATION 

E. M. Grime, Chairman, Sub-Committee; W. R. Anthony, C. R. Knowles, P. M. LaBach, 

A. B. Pierce, W. B. Nissly, 0. T. Rees, J. A. Russell, H. E. SUcox, J. B. Wesley. 

In the early days of railway operation water supply facilities were of the most 
primitive character, ranging from hand-operated arrangement or other devices by which 
the locomotive syphoned the necessary water into the tender from the adjacent reservoir 
or creek near the track, to steam pumping units at the more important places where 
there was sufficient demand to justify the employment of a regular attendant. Perhaps 
no feature of railway operation has experienced more of a change than has this detail 
of water production, and on most lines today practically every one of the original sta- 
tions has been replaced by something of improved design. The changes made have cor- 
responded with the development of small power units, particularly of the fuel-oil type, 
as well as the use of electrical energy as soon as that power became available at reason- 
able cost, and also with the development of improved pumping machinery. The im- 
provements constantly becoming available for use in this field have Justified continued 
investigation, study and recommendation to effect desirable economies. 

In the beginning almost any water that could be used for evaporation was con- 
sidered satisfactory, but with increasing power demand and improvements in locomotive 
design it was found that the quality of the water had a most important bearing on 
satisfactory operation and hence the treatment of most natural waters to render them 
clean and free from corrosive elements has become an important problem on most 
railways. 

The construction and the operation of facilities to provide water ample in supply 
and of satisfactory quality have therefore become of sufficient importance to Justify a 
separate department to specialize in these matters. In order that this organization may 
have full information as to costs of operation, make studies to reduce these costs and 
recommend the improvement in facilities which may be desirable, it is necessary to have 
a record of the performance of each pumping station unit with the cost per thousand 
gallons of water delivered reduced to an annual basis. 

Committee XI-— Records and Accounts, collaborating with this Committee has pre- 
pared such forms as seem desirable for this purpose. These appear in recent volumes of 
the Proceedings as revised forms 1301 and 1302 and may readily be changed in minor 
details to suit the requirements of a particular railway. It is recommended that these 
forms be used in the preparation of an annual report for the purposes as stated herein 
and also for the information of operating or other officers concerned. 

In addition to this table of statistics it may be desirable, for a complete report, to 
briefly summarize the results of the year’s work, compare it with the previous year, 
show the estimated savings due to water softening, the savings accomplished by modern- 
ization of pumping plants, and recommend improvements to be undertaken the suc- 
ceeding year. 
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(5) DEVELOPMENT OF DEEP WELL PUMPING EQUIPMENT 

J. P. Hanley, Chairman, Sub-Committee; B. W. DcGeer, C. H. Fox, E. M. Grim^ J. R. 
Hickox, A. W. Johnson, C. R. Knowles, W. B. Nissly, A. B. Pierce, R. A. Tanner, 
A. E. WiUahan. 


Previous reports on certain phases of deep wells and deep well pumps were pre- 
sented to this Association by the Water Service Committee in 1913 by Robert Fcrriday; 
in 1915 by J. L. Campbell and in 1926 by H. H. Richardson. This report will review 
the subject and mention recent improvements in deep well equipment. 


Steam Head Pumps 

The steam head deep well pump of the single plunger type was the pioneer of its 
class and was developed between 1870 and 1875. Prior to its use, reciprocating surface 
pumps were used to pump water from open wells. The latter pumps were usually in- 
stalled on a platform near the bottom of the wells. The yield of open wells was limited 
compared to their diameter and when the drilled well was introduced as a better method 
of tapping deeper or more productive water formations, the steam head pump became a 
necessary part of its equipment. This type of deep well pump was favorably used by 
railways between 1880 and 1900, and many are still used at stations having a limited 
water demand. While this pump has low efficiency it also has low maintenance cost 
and gives reliable operation. 

This type of pump has been improved and adapted to belt and gear drive and for 
oil engine and other present-day forms of power. 

Double Acting Cylinder Pumps 

As the water demands began to exceed the capacity of the single acting pump, the 
double acting cylinder pump was developed. This cylinder has a capacity approximately 
fifty per cent greater than a single acting pump of the same plunger diameter and speed 
and is operated by a single line of pump rods. It has been improved and adapted to 
present-day forms of drive and power. 

Two-Plunger Pumps 

This type was developed to further increase the pumpage of water from a well 
without increasing the diameter of the pump plungers which were limited by the inside 
diameter of the well casing. It has greater pumping capacity under similar conditions 
of speed and plunger diameter than either the single plunger pump or the double acting 
cylinder. It has, however, the disadvantage of having two sets of pump rods with their 
additional weight and higher maintenance cost. This type of pump has been improved 
in recent years by an arrangement of cams or pinions which start one plunger on the 
pumping cycle of its stroke just before the companion plunger has finished this part of 
its duty and is ready to start the descending or idling stroke. This arrangement serves 
to keep the water in constant flow and avoids starting strains. Another recent improve- 
ment in this and other forms of deep well plunger pumps is a patented spacing ring for 
the phmger leathers whereby the angle of bending or cupping the leather is reduced from 
9 ^ degrees to approximately 70 degrees. This change greatly prolongs the serviceable 
life of the cup leathers with reduced maintenance costs, and more satisfactory operation 
of the pump. 
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The two-plunger pump has also been improved in recent years by better oiling 
arrangements, better balance of moving parts and more compactness. It has been 
adapted to gear, chain and belt drive and for motor and other forms of power. 

Deep Well Turbine Pump 

About 1910 the deep well turbine pump began to attract attention for irrigation 
projects and as its development progressed, secured favorable consideration from munici- 
palities, railways and other users, and is now the outstanding development in the deep 
well pump industry. The turbine is adaptable for pumpages of from 50 gallons to 
6,000 gallons per minute and for very deep installations. 

One pump manufacturer is now experimenting with a deep well turbine pump which 
has the motor submerged below the pump in a water-tight casing. Submarine cables 
convey current to this motor. If this unit is successfully developed, it will mark an 
epoch in deep well pumping by eliminating pump rods, considerable pump housing, and 
permitting unlimited depth of pump setting in the well. 

A deep well turbine installation exists at Etiwanda, Cal., which pumps 1800 g.p.m. 
against a total head of 640 feet, of which 450 feet is in the well and 190 feet above the 
surface. The pump operates at a speed of 960 r.p.m. and is driven by a 350 horsepower 
vertical motor. 

Other deep pump installations may be mentioned, one being in a Colorado mine 
delivering water from a depth of 750 feet; one in Mexico, with 860 feet of pump setting 
in a shaft, and one at Monona, Iowa, delivering 318 g.p.m. against a total head of 638 
feet. The first three installations are of tandem design, one group of impellers and 
bowls being located at the bottom of pump rods and another group near the surface of 
the ground. This type of turbine pump uses rubber bearings of fluted design, lubri- 
cated with water. The last mentioned installation has metallic, oil lubricated bearings 
and nineteen enclosed impeller stages at the bottom end of the drop pips at a depth of 
509 feet from base plate of pump to first stage. 

Air Lifts 

While air lift installations are not so numerous as other forms of deep well pump- 
ing, still this method has a certain well-defined field where it is superior to other forms. 
This is illustrated by the success of the Santa Fe System has with air lift pumping in 
Arizona. A paper presented before the Arizona Public Health Association at Prescott, 
April 16, 1929, by Assistant Engineer Davenport describing the water supply methods of 
that Railway is abstracted in part as follows to show an unusual instance air lift oper- 
ation. 

“Deep wells in the western part of Arizona are pumped in nearly all cases by air 
lifts. The combination of the Diesel engine and the air compressor has solved the prob- 
lem of deep well supplies. Contrary to popular opinion, shared by many Engineers, the 
air lift is superior to the reciprocating pump in overall efficiency for lifts of 400 to 800 
feet. A concrete example of this is at Pica, Arizona, where a lift of 900 feet exists from 
three wells varying in depth from 1546 to 1788 feet. In 1917, with two 40 horsepower 
Diesel engines driving reciprocating pumps in the two wells then drilled, 10,000,000 
gallons of water was produced at a certain cost. In 1927 with 430 horsepower Diesel 
engines driving air compressors, 60,000,000 gallons of water was produced at the same 
total cost as for the year 1917. The reason for this great decrease in cost per thousand 
gallons is the almost complete absence of maintenance on the below-ground facilities of 
the air lift compared with frequent renewals of pumps and pump rods in displacement 
pumps. In shallower wells turbine pumps operated by smaller semi-Diesel engines are 
found most suitable.” 
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Members of the Committee on Water Service and Sanitation replied to a question- 
naire sent them asking for information on wells and deep well pumps on their respective 
railways. A summary of the information received follows: 


Number of railways reporting 14 

Number of wells in use for large water supplies 623 

Diameter of well — greatest 72 inches 

Diameter of well — ^least 2 inches 

Depth of well — greatest 2750 feet 

Depth of well — ^least 20 feet 

Formation of rock. 153 

unconsolidated 470 

Gravel walled wells ^4 

Deep well pumping installations 463 

Air lifts 40 

Single plunger pumps 1^5 

Two plunger pumps 81 

Turbine pumps 118 

Miscellaneous types 2Q 

Type of pump preferred for average conditions Turbine 


Conclusions 

1. The types of deep well pumps now generally used are the single or double 
plunger displacement pump, the turbine pump, and the air lift. 

2. Displacement pumps may be considered for pumpages of SO gallons to 300 gal- 
lons per minute and for varying depth of pump setting. Usually this depth should not 
be greater than 300 feet. The pump speed should not exceed 25 revolutions per minute. 
Overall eifihciencies of this type of pump will vary from 40 per cent to 60 per cent. 

3. The turbine pump may be considered for pumpages of 50 gallons to 6,000 gal- 
lons per minute and for shallow settings to settings of 500 feet or greater depth. This 
pump is undergoing rapid changes in design, size, and capacity and its possibilities can- 
not be definitely stated at this time. Overall efficiencies of 60 per cent are obtained. 

4. The air lift may he considered for a wide range or pumpages and for Bettings 
of greater depth than might be suitable for other pumps. The air lift is more suitable 
than other pumps for installation in crooked wells or in wells which produce consider- 
able quantities of sediment. There must be sufficient depth of water in the well to 
provide adequate submergence for the air lift under all pumping conditions. Overall 
efficiencies vary from 25 per cent to 40 per cent. No unusual developments in air lift 
pumping has occurred in recent years except present-day forms of drive and power for 
the compressors, and the use of compound compressors for unusually deep wells. 

5. The type of installation can best be determined by a careful study of all local 
conditions, including probable operation and maintenance charges and interest and depre- 
ciation on the investment. 



Water Service and Sanitation 


91 


Appendix E 

(7) STANDARD METHODS FOR ANALYSES OF CHEMICALS USED 
IN WATER TREATMENT 

R. M. Stimmel, Chairman, Sub-Committee; W. M. Barr, R. E. Coughlan, J. H. Davidson, 
B. W. DeGeer, J. H, Gibboney, E. M. Grime, P. M. LaBach, J. J. Laudig, O. T. 
Rees, C. P. VanGiiiidy, J. B. Wesley, R. S. Wilson. 

(I) Analysis of Soda Ash 
Normal Sodium Carbonate 
Reagents: 

1. N/10 — ^Hydrochloric acid. 

2. Mythl orange indicator. 


Procedure 

Weigh out 1.325 grams of the soda ash and transfer to a 500 cc volumetric flask 
partly filled with recently boiled and cooled distilled water. Dilute to the mark with 
carbon-dioxide free water. Mix thoroughly. Pipette out 50 cc of the solution and 
titrate -^ith N/10 Hydrochloric Acid using methyl orange as indicator. The number of 
cubic centimeters of N/10 HCl required times 4 gives per cent of iVaaCOs in samples 
direct. 

(II) Analysis of Hydrated Lime 

Available Calcium Hydroxide 
Reagents: 

1. iV/10 Hydrochloric Acid, 

2. Sugar solution (10 per cent by weight of pure cane sugar dissolved in 

carbon-dioxide free water). 

3 . Methyl orange. 

Procedure 

Weigh accurately a 0.926 gram sample of hydrated lime. Transfer to a 500 cc 
stoppered volumetric flask, partly filled with the 10 per cent sugar solution. Dilute to 
the mark and shake thoroughly for approximately five mini^es. Let stand for one hour 
with flask stoppered. Pipette out 50 cubic centimeters of the supernatent solution and 
titrate with iV/10 hydrochloric acid using methyl orange as indicator. The number of 
cubic centimeters of acid used times 4 gives the per cent of Ca(OH )2 in sample of 
hydrated lime, direct. 
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Appendix F 

(8) PROGRESS BEING MADE BY FEDERAL AND STATE AUTHOR- 
ITIES ON REGULATIONS PERTAINING TO RAILWAY SANITA- 
TION, COLLABORATING WITH THE JOINT COMMITTEE ON 
RAILWAY SANITATION, A. R. A. 

H. W. VanHovenberg, Chairman, Sub-Committee; W. P. Hale, L. A. Henry, H. F. King, 

W. B. McCaleb, A. B. Pierce. 

The report of the Joint Committee on Railway Sanitation was printed and dis- 
tributed in November, 1931, by the American Railway Association as Circular M&S 133. 

Representatives of the Engineering and Mechanical Divisions, Medical and Surgical 
Section and of the XJ.S. Public Health Service and the Canadian Health Department, 
collaborated in assembling the material in this report, which is circulated for information 
only. 

Considerable of the information presented was obtained by extensive original re- 
search by individual members of the Joint Committee, and the resulting suggestions in 
many instances will, if applied, lead to considerable operating economies for railroads, 
as well as improved sanitation. 

The subjects have been presented more fully than would be necessary in suggesting 
standard sanitary practices, because of comparatively recent sanitary developments 
which have not become standardized as yet, and because they may not be well under- 
stood by railway executives and employees; hence the report is more than a recommen- 
dation; it is a pamphlet of information. 

Prior to the writing of the report, the Joint Committee had the benefit of a com- 
prehensive questionnaire covering sanitary practices and sanitary organization on 78 
Class I railroads. The Joint Committee soon realized from its analysis of the answers 
to the questionnaire that its primary function would be to harmonize good operating 
practices with the regulatory demands of Federal health authorities particularly, being 
aware of the fact that the U.S. Public Health Service is desirous of conducting its 
routine business as applying to sanitation with railroad officers who have regard for the 
necessity for good public health and sanitary regulation, and in whose offices the Federal 
officers would have a positive and continuous place of contact. The Joint Committee 
feels that much of the economies and other advantages that are suggested in the report 
will be lost unless adequate provision for sanitary supervision is made by the individual 
railroads. 

The report emphasizes the fact that the history of our railroads is indelibly linked 
with the advances in public health and sanitary science, and that the rapidly increasing 
public interest in preventative health work calls for continuous study by railroads in 
harmonizing the numerous Federal, state and local laws aimed at protecting the health 
of railway patrons and of employees, with the least hindrance to railroad operation and 
economy. 

The report covers car water systems, car water filling pipes, water coolers, car water 
filters, car toilets and lavatories, car ventilation and heating, passenger car cleaning, 
dining car sanitation, sanitary facilities for coach yards, water hose and connections, 
soil cans, handhng of ice, water buckets, hydrants, waste disposal, coach yard platforms, 
service farihties for coach yards, and handling of food in commissaries. 

Each subject is treated by criterion, discussion, and type. The criterion summarizes 
the ideal arrangement, material, schedule of operation, and employee responsibihty. 
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-The discussion emphasizes the sanitary aspects, indicates how ideal conditions can he 
obtained, and calls attention to possibilities for unsanitary practices. The types sug- 
gested, by description and numerous original cuts, are felt to embody the best sanitary 
devices, in harmony with regulation already in force and in conformity with good oper- 
ating practice. 

In addition, the chapters on water coolers, car water filters, water hose and con- 
nections, and waste disposal, are elaborated on by description of tests of methods and 
of new appliances, in appendices. Particularly noteworthy is the change in requirements 
following the tests on washing car water coolers, and the adverse report as to the 
necessity for car water filters, and the tests on a new type of hose nozzle that can be 
used with all car water filling systems. 

The members of the Joint Committee on Railway Sanitation representing the Water 
Service and Sanitation Committee of the American Railway Engineering Association, 
feel grateful for the privilege of rendering the service they have in behalf of the member 
railroads. 


Appendix G 

(9) SEWAGE DISPOSAL WHERE SANITARY FACILITIES ARE 
NOT AVAILABLE 

W. P. Hale, Chairman, Sub-Committee; W. R. Anthony, R. E. Coughlan, W. L. Curtiss, 

L. A. Henry, R. L. Holmes, C. R. Knowles, A. W. Johnson, J. A. Russell, H. E. 

Silcox, D. A. Steel, H. W, Van Hovenberg, F. P. Turner, A. E. Willahan. 

Your Committee considers the assignment that of presenting for guidance of the 
railroads the various methods of disposing of human waste where connections with 
sewage systems are not readily available. 

The proper disposal of human waste is the greatest factor influencing the general 
health of any group. Where proper steps have been taken to handle such waste these 
groups have been spared the periodical outbreaks of typhoid fever, dysentery and other 
intestinal diseases. The germs of these diseases occur in nature only in the discharges 
from the human body or in substances contaminated with these discharges. Human 
beings contract such diseases only through swallowing such contaminated matter with 
food and drink. The problem of control is complicated by reason of many sufferers 
discharging these disease germs after apparent full recovery from the active stages of 
the disease, with the consequent danger of personal contact. These people are called 
disease “carriers.” 

Hookworm, a parasitic disease, occurs in widespread areas in the United States. 
Its control is readily effected by proper disposal of human waste. 

The problem of sewage disposal where sanitary facilities are not available is a 
phase of engineering work of vital importance to the railroads, as well as to the com- 
munities at large. In the case of the railroads, with their employees distributed over 
many states, in cities, towns, villages, and in isolated rural points, in both large and 
small numbers, even singly in some cases, the problem becomes one of varied design. 

The various railroad sysems traverse wide territory and they are, therefore, subject 
to Federal regulations, various State codes and many dty and village ordinances and 
rules. Confusion sometimes develops in harmonizing the views of all concerned as a 
result of the above conditions. For these reasons, the adoption of system standards 
of practices are matters which present many complications, and no such standards, 
therefore, are recommended for the present. 
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Railroad systems experience a wide variety of waste disposal problems ranging 
from the operation of a sewage system in isolated shop areas to the toilet facilities for 
rural section houses, and froin the sanitary control of human Wastes from large moving 
extra gangs or groups of patrons to the terminal care of toilet wastes from the single 
business car. 

The object of this report, then, is to assemble briefly the information available 
applying to this phase of sewage disposal under the following headings: 

(1) Federal Regulations and State Codes Affecting Interstate Carriers 

(2) Choice of Methods 

(3) Typical Applications 

1. Federal Regulations and State Codes 

The Standard Railway Sanitary Code, promulgated by the U.S. Treasury Depart- 
ment, Bureau of Public Health Service, has been adopted by 41 of the 48 states. This 
code prescribes ininitnufii requirements for railroad toilet facilities for both employees 
and patrons, and state regulatory bodies exercise considerable inspection supervision of 
these facilities. Copies of this code, which is published by each of the states in a 
separate pamphlet for distribution and which is available to every railroad sanitary 
officer gives in detail each item regarding sanitary regulations and same will not be 
given in this paper. 

2. Choice of Methods 

The Varied problems of waste disposal may be considered as follows: 

(A) LarUe Groups of Employees or Patrons 

Terminals with dwellings and offices 

Permanent camps (rock quarries, ballast pits, etc.) 

Mobile labor camps (extra gangs, bridge and building gangs, paint 
gangs, etc.) 

(B) Small Groups of Employees or Partons 

Stations 

Section houses, bridge watchmen’s houses, etc. 

Mobile labor camps (fence gangs, water service gangs, etc.) 

Depending on the numbers involved and the means of disposing of fecal matter, 
permanent locations may be chosen as follows: 

Water carriage and disposal by dilution or treatment 

Septic tank or cesspool with or without disposal by dilution or treatment 

Chemical or septic toilets 

Privies 

For mobile units there is the choice of 

Chemical toilet installations 

Portable wood privies 

Portable seat box with collapsible shelter walls 

Water Carriage and Disposal by Dilution or Treatment 

The most highly developed and at the same time the most expensive of the means 
of disposing of fecal matter is by water carriage and disposal by means of dilution or 
treatment. Where railway terminals or stations having water under pressure require 
su(^ elaborate sewage systems, all plans should be prepared or reviewed by a competent 
^tary engineer conversant with state codes, local requirements and conditions. Such 
systems witi approximate the modern sewage systems for small towns or cities, and 
plans must be Approved by the State Sanitary Engineer in the state in which system is 
planned. 
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Septic Tanks or Cesspools, and Disposal by Dilution or Treatment 

Although much has been written concerning sanitary sewers and septic tanks, there 
are many people who have only a hazy idea of the subject or else a wrong impression 
as to what a septic tank really is. 

First of all, it should be clearly understood that the ordinary septic tank does not 
purify sewage, but merely prepares the sewage for jdnal disposal by means of irrigation 
systems or filters. The purpose of the tank is to separate and hold the solid particles 
which will settle to the bottom or float to the surface in order that the liquid which 
reaches the outlet will be clear, or nearly so. The sewage as it leaves the tank may 
and usually does, contain more bacteria than it does when it enters. Although it may 
be as clear as spring water, it is far from pure and will cause bad odors if allowed to 
stand in an open ditch. Hence, the septic tank is only the first step in the disposal 
process. 

The deposit which collects in the bottom of the tank is spoken of as “sludge.” The 
particles which float to the surface form a “scum” or “mat.” Fortunately most of the 
“sludge” and “scum” is changed into liquids and gases by a natural fermentation process, 
which goes on continuously in a septic tank. Otherwise the tank would soon fill up 
with solid matter. If the tank is large enough it may not need cleaning for several 
years. On the other hand, if the tank is not large enough, not enough time is given for 
the fermenting bacteria to do their work and it will need cleaning often. Experience 
seems to show that for average conditions, the tank should be made of a size to hold at 
least fifty gallons per person. 

The liquid effluent from a septic tank is usually disposed of through a tile irrigation 
system. The liquid is taken off the top of the septic tank chamber in such a way that 
the outlet is water-sealed at all times. The number of feet of drain tile for an irrigation 
system depends first on the nature of the soil, and second, on the daily amount of 
sewage to be cared for. A dry, sandy soil will absorb more sewage than a heavy soil 
such as clay. When the soil is clay, it is best to dig deeper tile trenches and backfill 
partly with cinders or sand before laying the tile. Often a single tile line is sufficient 
for the purification field. Where the plot of ground is not sufficient it may be necessary 
to spread the sewage by means of a distributing box and several lines of open- joint tile 
running therefrom. A test hole should be dug to observe the rate of absorption before 
the installation of a tank with an absorption tile system. For the typical installation 
50 feet of tile per person will ordinarily suffice. Where there is light porous soil, 30 feet 
of tile per person will suffice. In tight soils which absorb sewage slowly as much as 
100 feet per person may be needed. 

The location of the septic tank and the purification tile system must be selected 
with care. Although septic tanks, as a rule, do not cause complaints on account of 
odors, nevertheless, the tank should be located as far away from buildings as practicable, 
and never closer than 100 feet from a well, spring or cistern. 

The layout shown in the illustration will provide a satisfactory method of sewage 
disposal. It is simply a sanitary sewer system in miniature. (See Figure 1.) 

Chemical Toilet 

The chemical toilet, like the septic toilet, has as its object the liquefaction of fecal 
matter so that it may be the more easily disposed of. This object, however, is accom- 
plished through chemical instead of bacterial action. Generally, a special iron tank of 
sufficient size to allow for storage over a considerable period of time, six months to a 
year, is provided. The tank is then charged with a certain stated amount of cau^ic 
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substance which has the power of Kquefying fecal matter. When the tank is filled to 
its capacity the liquefied matter is removed, and the tank recharged. 

Like the septic toilet, the chemical toilet has the advantage of adaptability to any 
location. It also makes ultimate disposal of the effluent easy by means of liquefaction. 
In addition to liquefaction, there is a high degree of purification accomplished through 
the partial destruction of bacteria and the eggs of intestinal parasites. The chemical 
toilet has a virtue greater in extent than any other type, that of deodorization. It is 
well-suited to indoor installation, and can be placed in station buildings proper where 
it will be easily accessible to patrons and employees alike, and where proper control of 
its use and maintenance can be governed by the agent. 
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Fig. 1 — Septic Tank. 


The bowl or bowls may be placed indoors at convenient locations and connected 
to the tank with necessary connecting tubes. The tank must be directly underneath 
the toilets to avoid the use of flushing water. In installing such toilets, provision must 
be made for readily cleaning the tank. All joints between the bowls and tank must be 
watertight. The installation must be made so as to insure the tank protection against 
frost. The ventilating pipe, necessarily, in such installations must be properly installed 
and maintained. 

Drainage may be provided by tile or leaching well. When tile drainage is used, 
sufficient lengths of abutted joint tile lines should be provided to receive and readily 
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dispose of the entire tank volume. Whenever the leaching well is used, a capacity equal 
at least to the capacity of the tank should be provided with a drain leading thereto from 
the tank. The construction of the cesspool or leaching well and its distance from the 
tank must be made according to conditions that prevail in the case and in accordance 
with requirements as suggested above. 

Ohe disadvantage of the chemical toilet is that it is generally a commercial produce 
tion. The life of the tank is not permanent, the cost of maintenance is high, and this 
type of installation requires constant supervision. 

Septic Toilets 

A septic toilet consists of toilet bowl directly connected to a septic tank by proper 
tube, the whole being operated as a dry system. Septic toilets should not be confused 
with septic tanks, for while the action is similar in both cases, the practical operation is 
essentially different. The most essential difference lies in the fact that the septic tank 
receives an abundance of water automatically through flushing, while the septic toilet 
receives none except that which is added at such intervals and in such amounts as the 
user sees fit. 

The first cost of the septic toilet is large and intelligent care is required in operation. 
Water must be added regularly in order to maintain a constant water level. For these 
reasons the septic toilet is not as a rule suitable for use on the railroad where the public 
and large groups of employees are involved in the use of same. 

Pit Privies 

As noted in the Standard Railway Code, the sanitary privy for station, section 
house, or construction camp (not on wheels), should be of a design approved by the 
State Department of Health. In the majority of cases, such a privy will be found to be 
the most economical, and when properly constructed and maintained, a satisfactory 
method. The following requirements for a sanitary privy sufficient to merit approval 
by the State Board of Health are suggested: 

The essential requirements are a pit and a fly-tight seat or riser, close-fitting seal 
covers, and the sealing of joints between house and pit. The pit should be located at 
proper distance from existing well, spring or cistern used as a potable water supply and 
80 placed that the surface and underground drainage will be away from such well, 
spring or cistern. The pit should not be placed over limestone ledge, slate or other 
formation where cracks or crevices lie close to the ground surface. The pit should have 
ample capacity for the use intended and care must be exercised and provision made 
against collapse of pit walls. In low, marshy ground, subject to flooding, it may be 
desirable to provide a concrete pit. 

The pit should be about 5 feet in depth, about 3 feet in width from front to back, 
and length from side to side will vary with the number of seat holes, but should be 
18 inches less than the length of the privy house. Excavated dirt from the pit should 
be banked up around the pit at least six inches above the original ground level and 
tamped in place around the walls of the privy building. 

The privy house must be substantially built. The floor and entire seat box should 
be made of good stock and afford ample seating capacity. Seat covers (lids) should 
overlap all sides of the hole at least 3 inches and provision should be made by use of 
spring hinges or otherwise to cause the seat lid to close automatically when the seat is 
not occupied. A block may be nailed inside the back wall so as to cause the lid to fall 
of its own accord. It is desirable for the roof to extend at least one foot beyond the 
walls of the house and it should be watertight. Care should be taken so that the house 
will rest firmly over the pit and dirt be banked up around the house on all sides of the 

A 
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pit as noted previously. Flash boards over the ground at rear of the house will divert 
rain and surface water from the pit. 

A vent pipe not less than three inches in diameter or four inches square should be 
provided for each seat hole, and may be of metal or wood. Such vent pipe should be 
screened with 16-mesh wire. Vent pipe should extend from a point just below the seat 
to at least two feet above the privy house roof. 

In some cases, it may be desirable, from an aesthetic standpoint, to provide concrete 
floor. The above specifications will also apply to such construction. 



Fig. 2 — Sanitary Pit Privy — ^Wood Construction. 

Note. — General plan and dimensions of house may be changed to conform with railroad's standard 
so long as required pit, vent and seat lids are provided. 

As noted previously, where privy is located in marshy ground or near limestone or 
slate formations, or where the location is deemed permanent, it may be desirable to 
provide a concrete pit. The general construction of such a concrete vault privy is the 
same as for wood construction except for the vault, plan for which is suggested in Fig. 3. 

Mobile Units 

The sanitary requirements for portable seat boxes with collapsible shelter walls are 
similar to those given for privy houses. The former are constructed in such position 
that they can be quickly and economically knocked down and re-erected. In some cases 
temporary pits are provided and in effect is a temporary pit privy. Portable seat boxes 
are similar to above except that shelter walls are absent. Their use is restricted and for 
obvious reasons they are not recommended. Chemical toilets are essentially the same 
as for permanent units except that the tanks are of smaller capacity and are not buried. 
The patrolling of set-ups in mobile service is important, both during the use and upon 
dismantling. All excrement should be disposed of in a sanitary manner, all pits, etc., 
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being properly treated with sufficient alkali and well backfilled. Care should be taken to 
prevent contamination of water courses, cisterns and wells. 

3. Typical Applications 

At Milwaukee, Wis., the Chicago, Milwaukee, St. Paul & Pacific Railway was con- 
fronted with the problem of sanitary disposal of sewage from bunk cars occupied by 180 
laborers. This crew was stationed in the Milwaukee Railway yards and the Sanitation 
Board of Milwaukee demanded that sanitary means be devised for disposal of resulting 
sewage. Ari arrangement as shown in Figs. 4 and S was finally decided upon. 
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Fig. 3 — Double Compartment Concrete Vault Shown in Sections. 


The installation consists of four tanks installed under the freight car, two on each 
side of the car as shown in the picture. Connected with these tanks are three tubes 
per tank and the bowls as shown connecting to the tubes. Besides the bowls are agi- 
tators which are worked up and down to stir the sewage and chemical together and 
render them liquid. Each bowl has a vent pipe connecting into a larger vent pipe which 
projects out of the top of the car. 

When the tanks are full, they are emptied by moving the car to a convenient place, 
where a hole is dug under the tanks, the contents dumped into the hole and then the 
hole is filled with earth. When the train is outside the yard so it can be moved to the 
country to some spot where no harm is done by emptying, that is done. 

The cost of the installation, so far as the actual labor is concerned, was very little. 
The time of three men was required for two days to cut holes in the car and fasten the 
tanks in place with iron bands strongly braced to hold them in place, set the bowls, and 
run the vent pipes. 

The actual cost of the installation depends upon the type of equipment purchased. 
In this case, the tanks were specially made, 24 inches by 24 inches by 72 inches, of 
14_gage copper-bearing steel. These tanks could be made of 12-gage or 10-ga;ge if de- 
sired. The actual cost of the equipment ran close to $600.00. 
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According to officials of the Milwaukee Road, the installation has proven to be the 
best solution of the particular problem that they can devise and is beheved to be the 
most economical also. 



Fig. S— View Showing Inside oe “Milwaukee” Freight Car. 
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To the American Railway Engineering Association: 

Your Committee presents herewith report covering the following subjects: 

(1) Revision of Manual (Appendix A). No revisions are recommended, except 
that submitted under subject 9. 

(2) Analysis of operations of railways that have made marked progress in the 
reduction of labor required in maintenance of way work (Appendix B). 

(3) Effects of recent developments in maintenance of way practices on gang or- 
ganization (such as use of heavier rail, treated ties, and labor saving devices, which make 
practicable small section forces, and conducting the major part with extra gangs) col- 
laborating with Committees I — ^Roadway, II — ^Ballast, III — ^Ties, IV — Rah, V — ^Track and 
XVII — ^Wood Preservation (Appendix C). 

Recommended that the report be received as information. 

(4) Standard methods for performing maintenance of way work for the purpose 
of establishing units of measure of work performed (Appendix D). 

(5) Programming of bridge and building work, collaborating with Committees VI — 
Buildings, VII — ^Wooden Bridges and Trestles, X — Signals and Interlocking, XV — ^Iron 
and Steel Structures and XXHI — Shops and Locomotive Terminals (Appendix E). 

Recommended that the report be received as information. 

(6) Revised plans for outfit cars for maintenance of way department employees, 
collaborating with Division V — ^Mechanical A.R.A. (Appendix F). 

Recommended that the report be received as information. 

(7) Economics of methods of weed killing (Appendix G). 

(8) Use of motor trucks in maintenance of way and structure work (Appendix H) . 

Recommended that the report be received as information. 

(9) Gang organization and methods of performing the more common tasks of 
maintenance of way work, including the revision of the time studies now in the Manual 
to bring them in accord with modern mechanical methods (Appendix I). 

Recommended that the report be received as information. 

Respectfully submitted. 

The Committee on Economics oe Railway Labor, 

F. M. Thomson, Chairman. 


Bulletin 349, September, 1932. 
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Appendix A 

(1) REVISION OF MANUAL 

John Evans, Chairman, Sub -Committee; A. E. Botts, H. A. Cassil, H. I, Hoag, G. M. 
Magee, J» A. Parant, J. C. Patterson, H. M. Stout. 

No revision of the Manual is recommended, except recommendations submitted un- 
der subject 9, “Gang Organization and methods of performing maintenance- of- way work, 
including revision of time studies now in the Manual”. 


Appendix B 

(2) ANALYSIS OF OPERATIONS OF RAILWAYS THAT HAVE 
MADE MARKED PROGRESS IN THE REDUCTION OF LABOR 
REQUIRED IN MAINTENANCE-OF-WAY WORK 

J. A. Parant, Chairman, Sub-Committee; T. S. Bond, J. A. Gorr, H. I. Hoag, C. H. R. 
Howe, E. T. Howson, J. H. Kelly, C. R. Knowles, G. E. Lowe, G. M. O’Rourke, 
J. C. Patterson. 

The Committee reports progress for the work of this assignment during the current 
year. ; 


Appendix C 

(3) EFFECTS OF RECENT DEVELOPMENTS IN MAINTENANCE 
OF WAY PRACTICES ON GANG ORGANIZATION (SUCH AS USE 
OF HEAVIER RAIL, TREATED TIES AND LABOR-SAVING DE- 
VICES, WHICH MAKE PRACTICABLE SMALL SECTION 
FORCES, AND CONDUCTING THE MAJOR PART OF MAIN- 
TENANCE WORK WITH EXTRA GANGS) 

F. S. Schwinn, Chairman, Sub-Committee; J. J, Baxter, W. R. Bennett, J. F. Dobson, 
John Evans, H. H. Harsh, J. H. Kelly, G. M, O’Rourke, E. L. Potarf, H. M. Stout. 

Previous reports of this Sub-Committee as printed on pages 194 to 197, inclusive, 
Vol. 32, and pages 385 to 390, inclusive, VoL 33, Proceedings, have covered the subject 
“Effects of Recent Developments in Maintenance of Way Practices on Gang Organiza- 
tion” in considerable detail coupled with certain definite conclusions. In the report 
printed in Vol. 33, complete descriptions of the practices in effect on five railways were 
outlined. 

The present report supplements the information previously given for these five rail- 
ways and also includes a resume of the practices of four additional railways. The out- 
lines of the organizations and practices as adopted by these railways after extensive 
experimentation approximately cover the several variations which have been generally 
followed and which were found to give the most satisfactory results. 

Chicago, Milwaukee, St. Paul and Pacific Railroad 

The report of this railway is given on page 386, Vol. 33. No changes are reported 
in gang organization as previously described. 

The Pennsylvania Railroad 

The report for this railway is given on page 387, Vol. 33. The organization plan 
outlined in this report has been extended over additional territory. The heavier main- 



Economics of Railway Labor 


103 


tenance work is done by gangs of sufficient size to properly perform such work, permit- 
ting a further reduction in the number with resulting increase in the length of sections, 
During the period January, 1931, to March, 1932, this railway eliminated 331 sections. 

Great Northern Railway 

The report for this railway is given on page 388, Vol. 33. The latest advice is to 
the effect that the trackmen are very enthusiastic about the form of organization now in 
use, the claim being universally made that more and better work can be accomplished 
than was possible under the old organization. 

Boston & Maine Railroad 

The report for this railway is given on page 388, Vol. 33. This railway has extended 
its plan for branch line maintenance from 24 miles in 1930 to 115 miles in 1931 and to 
326 miles in 1932 with proportional resulting economies. The opinion is expressed that 
the severe climatic conditions of northern New England have furnished a very full test 
of the value of the new plan of organization and that it has completely justified itself. 

Missouri Pacific Lines in Texas and Louisiana 

The report for this railway is given on page 389, Vol. 33. The plan of gang organ- 
ization developed during the past two years has been extended to cover all lines. All 
light traffic branch lines are maintained by floating section gangs, each of which is as- 
signed from 20 to 50 miles. A further decrease in the number and increase in the length 
of sections has been accomplished; since 1928 the number of sections has been decreased 
from 345 to 209, or 39.4 per cent, and the average length increased from 8.0 miles to 
13.2 miles of main track. 

Information with regard to additional railways not previously reported follows: 

Chicago, Burlington & Quincy Railroad 

As the result of improved rail, tie, ballast and drainage conditions and the use of 
labor-saving devices, this railway has been able to introduce a complete reorganization 
of its track maintenance forces. Under the new plan, the section gang continues as the 
primary unit in the maintenance organization, but the average length of sections was 
increased from about 8 miles to 12 miles, thus accomplishing a reduction of one- third in 
the number of sections. 

The section foremen, however, are relieved of the duty of daily track patrol, this 
function being performed by track supervisors (a new position) each of whom has 
jurisdiction over about six sections, or 75 miles, and who report to and work under the 
direction of the Roadmaster. This plan has also permitted increasing the length of 
Roadmasters’ territories from one engine district to two engine districts, or about 225 
miles, this generally covering three Supervisors’ territories. 

The plan was applied progressively, one operating division being covered at a time. 
By the close of 1931 the new plan was in effect on all lines west of the Missouri River 
and a part of the lines east, and the results were so favorable that it was expected to 
continue the reorganization through 1932 to include the entire system. The plan has 
permitted increasing the number of men per section and by improved supervision, has 
eliminated to a large extent what would normally be unproductive time. The results up 
to date have been very satisfactory and apparently are accompanied by appreciable 
economies. A full account of the Burlington plan may be found in the January 1932 
isesue of Railway Engineering and Maintenance. 

Delaware, Lackawanna & Western Railroad 

During the early part of this year, this railway reorganized its track maintenance 
forces between Hoboken and Buffalo. Section lengths were increased to 12 miles of 
main track or 6 miles of double track, the section gangs consisting of a foreman with six 
laborers during the summer or working season and three to four laborers during the 
winter. Only ordinary maintenance such as smoothing track, tightening bolts, caring for 
right-of-way and other minor work is performed by the section gangs. 

District gangs consisting of a foreman, gang leader and twenty-five men are assigned 
during the worldng season to approximately every 48 miles or four sections. To these 
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gangs are assigned all work in connection with raising track, general surfacing and lining, 
tie renewals and similar heavy duties. These gangs are equipped with 12 tool tamping 
machines and are expected to cover about one-fourth of their territories each year. 
During the winter they are to be reduced to a minimum or entirely eliminated as re- 
quirements may justify. As this plan of organization has been in effect less than one 
year, sufficient data covering results are not now available. 

Erie Railroad 

Prior to the present year, program track work on this railway, with the exception 
of full ballast and large reballast jobs, was handled by section gangs temporarily enlarged 
or by bunching several sections gangs. Under the new organization, such work is all 
handled by extra gangs working throughout the summer season (April to October) and 
section gangs hanffie only the ordinary section work such as light tie renewals and ad- 
justment maintenance. Outside of the working season, the section gangs are reduced 
generally to a foreman and two men per main line section and a foreman and one man 
on branch line sections. 

The full ballast gangs consist of 75 men, reballast gangs have^ about 60 men and 
gangs engaged in tie tamper work vary from 11 to 38 men, depending upon the size of 
the tamping machines used. These extra gangs are employed throughout the working 
season and are usually laid off during the winter. Rail laying is handled in short stretches 
of one or two miles by utilizing a reballast gang, and this gang performs the follow-up 
work immediately after laying the rail. All of these gangs are equipped with necessary 
labor-saving devices and may be considered as well trained specialized gangs with a care- 
fully balanced organization. 

The present plan of track organization has resulted in extensive economies in track 
maintenance due to improved efficiency and to the elimination, as far as possible, of non- 
productive time. As an example, a comparison of tie tamper work handled this year 
with that of 1931 indicates a system average increase of 68 per cent in performance. The 
operation of the new organization has been entirely satisfactory. 

Lehigh Valley Railroad 

This railway has accomplished marked economies in track maintenance since 1928. 
During this period the number of sections has been reduced from 302 to 160, or nearly 
one-half, with an average outlying double track section including nine miles of doub"fe 
track. ^ The economies effected have been the direct result of improved and heavier track 
material, better roadbed condition and the use of labor-saving equipment, and such 
economies are reflected in an appreciable reduction in section and extra gang man-hours 
as well as in improved track conditions. 

Track surfacing is performed by specialized gangs during the summer months and 
all rail, insofar as possible, is laid after the season of surfacing track, or during November 
and December. The rail laying is performed by bunched section gangs with the view of 
giving continuous work during the winter. A full account of the practices of this rail- 
way may be found in the June 4, 1932, issue of Railway Age. 


Recommendations 

The Committee recommends that this report be received as information. 
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Appendix D 

(4) STANDARD METHODS FOR PERFORMING MAINTENANCE- 
OF-WAY WORK FOR THE PURPOSE OF ESTABLISHING UNITS 
OF MEASURE OF WORK PERFORMED 

Lem Adams, Chairman, Sub* Committee; W. R. Bennett, A, E. Botts, Paul Hamilton, 

C. H. R. Howe, G. M. Magee, J, A. Parant, H. E. Perkins, E. L. Potarf, L. C. Stahl. 

The above subject was originally assigned to this Committee in 1920 and was studied 
each year until 1926. 

The first report on this subject was presented in 1922, when the Association adopted 
for publication in the Manual a plan for standardizing the performance of various units 
of maintenance of way work for the purpose of establishing units of measure of work 
performed. 

The 1923 report (page 287, Vol. 24) outlined information obtained through requir- 
ing section foremen on one of the large railways to keep records of work performed 
each day, and from this study forms were prepared which it was recommended be used 
to obtain further data. 

In 1924 report (page 788, Vol. 25), a comprehensive tabulation of man-hour per- 
formances was prepared for the major items of maintenance of way work, particularly 
rail laying and tie and ballast renewals. 

In 1925 (page 930, Vol. 26) the report of the Committee contained a discussion of 
the main features of the plan previously recommended, which were as follows: 

1. Standard methods and time schedules for each item of work. 

2. Instructions to foremen to enable them to submit accurate reports of performance. 

3. Closer supervision by means of planning and dispatching the work in advance. 

4. Sample forms for the notation of records and performance for comparison of 
results. 

It is the opinion of the present Committee that the two outstanding features to be 
considered are “Standard methods and time schedules for each item of work” and 
“Closer supervision by means of planning and dispatching the work in advance”. 

In meeting the conditions now confronting the railways it has been found that we 
can greatly curtail or dispense with many of the operations formerly considered essential 
in performing maintenance of way work. However, the time schedule still remains an 
important item, since without definite schedules, we will work with “hit-and-miss” meth- 
ods that are not conducive to economy. Likewise, planning and dispatching are essen- 
tial if we are to secure maximum efficiency, as any haphazard method of performing 
work, even on a small sub-division, will result in important items of work being delayed 
or omitted from the program. 

It has been found that excellent results can be obtained from section forces by 
having all forces on a supervisor’s district perform the same task on a given day. This, 
of course, requires a very close knowledge of conditions by the supervisor, but greatly 
reduces the time consumed in the operation. 

In the bridge and building department scheduling is equally important, as these 
forces can consume a great deal of time in making miscellaneous repairs that may come 
to their attention in working over an assigned territory, and not be able to accomplish 
the more essential work on their schedule. The most important items in this class at 
this time are bridge repairs, and when these have been definitely scheduled as to the 
time to be done and man-hours to be consumed there is no guess-work as to the forces 
required to accomplish them. 



106 


Economics of Railway Labor 


Various reports of this Committee in the past have set up a table of equated track 
values, which is very useful in the establishment of section limits, and for ready reference 
the table of equation is again repeated: 

One mile of first main track equivalent to: 

1.15 miles of second main track 

1.33 miles of third or fourth main track 

2.00 miles of branch line track 

2.00 miles of passing and throughfare track 

3.33 miles of yard tracks 
12 main line switches 
20 sidetrack switches 
10 railroad crossings 

12 city street crossings 
25 to 50 country road crossings 
Yz mile of track pans 
4 miles of ditches 

In applying these values, due consideration must necessarily be given the volume of 
traf&c and the varying conditions of the track involved. Traffic density is, of course, 
the destructive agent on any piece of track, and the condition of the rail, ties, and ballast 
are important factors that must be considered at all times in the assignment of track 
forces. 

In the 1924 report of this Committee the following conclusions appeared: 

(1) The making of time studies and the comparison of performance of an indi- 
vidual gang with a standard, increases the efficiency of the gang under observation and 
of other gangs which are made acquainted with results. 

(2) The general use of standard methods and units of measure of performance on 
divisions and districts of a railway has resulted in increasing the efficiency of track 
forces. 

The Committee’s final report in 1926 concluded that: 

“It is not possible to determine a fixed unit of cost of maintenance of way and 
structures accounts for any unit of property, such as the equated mile, or for any unit of 
use, such as thousand car miles. It is further the conclusion that it will be impossible 
to determine upon such unit of cost at any future time unless all railways were to adopt 
the use of standard materials and standard practices, and even then there would exist 
differences reflecting the differences in location, climatic conditions and physical con- 
struction.” 

Your Committee concurs in the above conclusion at this time. 


Appendix E 

(5) PROGRAMMING OF BRIDGE AND BUILDING WORK 

A. E. Botts, Chairman, Sub -Committee; Lem Adams, H. A. Cassil, J. F. Dobson, J. A. 
Gorr, E. T. Howson, H. E. Perkins, D. M. Rankin, F. R. Rex, William Shea, H. R. 
Westcott. 

Important data and information as to the practices in effect on various railways has 
been collected on this subject on the programming of B&B work. 

A recommended method, with necessary forms, for programming bridge and building 
work is being worked out in detail, but is not yet in shape for presentation in its final 
form to the Association, consequently the Committee for this year reports progress. 
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Appendix F 

(6) REVISED PLANS FOR OUTFIT CARS FOR MAINTENANCE- 
OF-WAY DEPARTMENT EMPLOYEES 

G. M. Magee, Chairman, Sub-Committee; J. J. Baxter, T. S. Bond, H. I. Hoag, G. E. 
Lowe, D. M. Rankin, F, R. Rex, William Shea, L. C. Stahl, C. R. Wright. 

Considerable work has been completed by the Sub-Committee on this assignment 
during the current year, but it was thought best to withhold plans until all were avail- 
able for publication at one time. In view of this, the Committee reports progress only. 


Appendix G 

(7) ECONOMICS OF METHODS OF WEED KILLING 

H. H. Harsh, Chairman, Sub-Committee; H. A. Cassil, J. A. Gorr, C. R. Knowles, D. M. 
Rankin, F. R. Rex, F. S. Schwinn, L. C. Stahl, C. R. Wright. 

The Committee reports progress only for the current year and recommends the 
subject be continued for further study. 


Appendix H 

(8) USE OF MOTOR TRUCKS IN MAINTENACE-OF-WAY AND 
STRUCTURES WORK 


H. M. Stout, Chairman, Sub-Committee; T. S. Bond, A. E. Botts, John Evans, H. H. 

Harsh, C, R. Knowles, G. E. Lowe, H. E. Perkins, F. R. Rex, William Shea, H. R. 

Westcott. 

In the constant search for more economic methods being carried on by American 
railways, the use of motor trucks in maintenance of way and structures work is a recent 
innovation. The extent to which railways have availed themselves of the services of such 
equipment as auxiliary to or in the replacement of track motor cars, work trains and 
other means of transportation, is as yet limited and comparative costs cannot be set up. 

As a basis for the study of this subject your Committee has secured a very compre- 
hensive — ^practically complete — survey of the railways of the United States and Canada, 
including trunk lines, short lines and terminal companies, determining the character of 
service and extent automobile and trucks have been utilized in engineering and main- 
tenance of way and structure work. The tabulation below includes only those railways 
which have utilized such equipment in engineering and maintenance work. 


Railroad 

A. C. L. R. R 

A. T. & S. F. Ry. 

B. & O. R. R 

B. & A. R. R.... 

B. & M. R. R. . . 

C. R. R. of N. J. 
C. & 0. R. R.... 
C. & N. W. Ry.. 
C. B. & Q. R. R. 
Chgo. So. Shore. 


No. oj 

Truck Capacity 

2 2 & 5 ton 

3 to 3^4 ton 

2 jito 3 ton 

1 2 ton 

10 1 to 3 ton 

1 3 ton 

2 1 Sziy 2 ton 

5 ly. ton 

1 ton 

6 ^ to 2 ton 


Remarks 

Also 9 passenger cars 

Also 5 passenger cars 
“ 1 ‘‘ car 

Also 1 passenger car 
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Railroad 

C. R. I. & P. Ry 

C. C. C. & St. L 

Can. Pac. Ry 

D. L. & W. R. R 

Detroit Term’s 

E. J. & E. Ry 

Erie R. R 

G. N. Ry 

Gulf Coast Lines 

111 . Cent. R. R 

111 . Term. R. R 

L. & N. E. R. R 

M. K. & T. Lines 

M, P. R. R 

N. Y. C. & St. L 

N. Y. 0. & W. 'Ry 

N. P. Ry, Co 

Pere Marquette 

N. Y. N. H. & H. R. R. 

Pac. Elec. Ry 

Reading R. R 

St. L. & S. F. Ry 

Seabord Air Line 

Southern Pac. Co 

T. & P. Ry. Co 


No. of 

Truck Capacity 
2 

2 1 ton 

2 154 ton 

16 

2 1 to 3 ton 

4 ^ and 354 ton 

13 54 ton 

16 1 to S ton 

2 154 ton 

15 1 to 3 ton 

2 1 ton 

2 

1 2 ton 

6 
1 

1 1 ton 

8 1 to 254 ton 

1 54 ton 

43 54 to 3 ton 

18 54 to 4 ton 

4 1 to 154 ton 

2 20-pass, busses 

2 1 ton 

36 54 to 354 ton 


Remarks 

Also 12 passenger cars 
“ 12 “ “ 

Also 2 passenger cars 

Also 26 passenger cars 

Also 1 passenger car 
Also 7 passenger cars 

Also 2 passenger cars 
Also 4 passenger cars 

(( ^ U (( 

Also 3 passenger cars 


While quite a number of railways have had successful experience with the use of 
trucks, other railways have decided there was no particular advantage or benefit to them 
in their use. 

The economy in the use of this type of equipment seems to be largely dependent 
upon geographic location and traffic and, to a certain extent, local conditions. Under 
favorable conditions there appear to be very definite advantages and economies in the 
use of motor trucks. 

The conditions which appear favorable to auxiliary motor truck operation in main- 
tenance are: 

1. In and around terminals where traffic congestion results in frequent and long 
delays in the transportation of crews and materials by motor or hand car. 

2. When fixed property is located at some distance from tracks and therefore in- 
accessible by train or motor car service. 

3. Around junction points where lines converge at small angles or on paralleling 
lines where relatively short cross-country trips enable one crew to cover territory on 
more than one line. 

4. Lines which have paralleling highways when maintenance crews can cover more 
mileage than could be covered with rail motor car. 

The use of motor trucks is of course not feasible for all of the various branches of 
railway maintenance. It is, however, practical in connection with certain phases of 
bridge and building work; water service; paint gangs; such forms of signal maintenance 
as the maintenance of highway crossing signals, flashers, etc.; telegraph and telephone 
maintenance; disposal of snow and other forms of storm d6bris; and for transport of 
survey and engineering crews, particularly when conditions obtain as stated above. 

The modem automobile and truck under normal conditions are reliable, operate at 
a high degree of safety, and are free from the delays incident to awaiting the approach 
and passing of trains to which the motor car is subject. These are important factors in 
the economy which may be realized in their operation. Also the flexibility, versatility 
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and comfort are other advantages which have been noted by carriers which have em- 
ployed them in maintenance and engineering work. 

Illustrative of the wide range and scope of the work to which the motor trucks have 
been employed in railway maintenance and engineering service, the following detailed 
descriptions are given. These data have been compiled from the returns to a special 
questionnaire sent to railways known to have used motor trucks, special correspondence, 
and other sources of information. 

Baltimore & Ohio Railroad 

This road made a careful study in 1931 of its maintenance problems especially in 
connection with automatic block signals, train order and highway signals, gates and bells, 
on the Akron Division. The force engaged in their maintenance consisted of 11 main- 
tainers, 4 assistant maintainers and S helpers. These forces theretofore had used trains 
and gas cars for transportation and in several instances, due partly to curtailment in train 
service, several maintainers were using street cars and buses, resulting in expense accounts 
for such men. The existing arrangement also necessitated nine men working alone, 
which was considered a handicap. 

A plan was developed which, by redistributing the territory and adding three small 
trucks, would result in a direct saving of $2126.60 per year. The greatest advantage, 
however, was the improved maintenance and the reduction in the number of men 
working alone to five. 

Boston & Maine Railroad 

This road commenced the use of motor trucks in June, 1927. Ten one-ton trucks 
were placed in paint spray service, two 1^-ton trucks for track supervisors’ use and 
one three-ton truck for bridge and building work. Their use resulted in the reduction 
of non-productive time by facilitating the movement of men, material and equipment. 
The road plans on replacing four of their trucks with new units. 

Erie Railroad 

The first motor truck in maintenance of way was placed in service in March, 1928. 
They now have in use 13 trucks of 1^4 tons capacity. Three were added during the 
past year. Additional units are to be programmed as occasion develops. The equip- 
ment is used by survey corps, plumbing, carpenter, motor car repair and signal gangs 
and for distribution of store department materials at terminals. Saving of approxi- 
mately $1000 for each car per year is claimed. 

Great Northern Railway 

This road has within the past few years placed a considerable number of motor 
trucks in operation. . The equipment has been assigned to various departments for oper- 
ation. Fifteen trucks ranging in size from one to five tons capacity were assigned to 
maintenance service. Such equipment, while assigned to various departments for opera- 
tion, is, however, not used exclusively by that one department, but is used for any 
service for which it is suitable in the locality where it is located. Trucks have been 
found particularly economical in B&B maintenance around terminals and docks, hauling 
both men and material to the site of work. In the ore mining district where consider- 
able shifting of tracks is necessary, motor trucks have been found economical in the 
transportation of men and material. It is roughly estimated that the motor trucks save 
their cost each year. 

Northern Pacific Railway 

The use of automobiles on this railway was first commenced in about 1912 in con- 
nection with railway location work. The machines at that time were hired for special 
trips for reconnaissance, inspection and similar work on location, surveys and construc- 
tion projects. In 1923 the Railway Company purchased six passenger cars for use of 
survey parties on location and construction work on its Rosebud Branch and has since 
used both passenger automobiles and motor trucks on the location surveys and con- 
struction of the Redwater, Orofino, Bitter Root and Shelton Branches and on the loca- 
tion of the Peninsular Branch and the Yacolt Branch extension. On location work as 
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many passenger cars are furnished as are needed to transport the entire field party. On 
construction work each residency is supplied with one passenger car. ^se 

of the Engineer in general charge is also furnished. Trucks of on^half to one-ton 
capacity are used to transport supplies, camp equipment, etc.,^ the numb^ of course de- 
pending on requirements. These cars are shipped from one job to another and are re- 
placed when worn out. The average number of such cars on hand has been about six. 
With the use of motor cars, the length of residencies^ on construction was increased 
approximately 25 per cent, depending of course on accessibility to roads. 

Motor trucks assigned to B&B work are located in the larger terminals and around 
docks and are used in the transportation of men, materials and equipment. These trucks, 
however, are not used exclusively for B&B purposes, but are used wherever they fit in. 
The first unit was purchased in 1928 and has been added to as needed. 

Southern Pacific Company 

This road first started the use of motor trucks in 1920 when a one-ton truck was 
furnished the B&B force in Los Angeles. Since that time 28 additional units have been 
added, ranging in si 2 e from half-ton to 3^ tons capacity. In addition to the above, 
cohsiderable use is made of trucks operated by the Stores Department for the movement 
of materials at terminals. The one-half-ton pick-up truck for general roustabout service 
has been found the most economical. The trucks are used for light carpenter and plumb- 
ing repairs in cities, for signal and track gangs where tracks are in streets, for light car- 
penter and plumbing repairs in the country, for signal maintainers on congested main 
lines where highways parallel the tracks and for small paint crews not equipped with 
outfit cars. The estimated economies range from 30 per cent to 50 per cent in time 
and in the movement of materials. It is found that one mechanic making light repairs 
can cover the territory of two men using motor cars where lines parallel S to 25 miles 
apart. This road plans the expansion of such motor truck service. Trucks have also 
been found of great advantage in pipe line construction in the movement of welding 
outfits, concrete mixers and the general handling of tools and equipment for all classes 
of construction work. 

The variety of work performed, the difference in physical conditions and the limited 
data available preclude anything more than a general conclusion. 

Conclusions 

Substantial economies may be realized under certain conditions by the use of motor 
vehicles in the performance of certain kinds of maintenance and engineering work. 

Recommendations 

It is recommended that this report be received as information and the study of this 
subject discontinued. 


Appendix I 

(9) GANG ORGANIZATION AND METHODS OF PERFORMING 
MAINTENANCE-OF-WAY WORK, INCLUDING REVISION OF 
TIME STUDIES NOW IN THE MANUAL 

C. H. R. Howe, Chairman, Sub -Committee; Lem Adams, Paul Hamilton, G. M. 
O’Rourke, E. L. Potarf, F. S. Schwinn, J. F. Dobson, J. H. Kelly, J. C. Patterson. 

Your Committee in its consideration of this subject appreciates the fact that time 
studies of items of maintenance of way work are essentially detailed statements of the 
time required to perform each of the various operations that are involved in doing work. 
Methods and organizations are subject to change and modification in conformity with 
local conditions, but the fundamental operations of the job remain the same. 

Originally aE maintenance of way work was performed manually. The introduction 
of mechanical equipment presents many problems of economics that require, first of all, 
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a specij&c knowledge of the time necessary to perform the work by hand. On page 1455 
of the 1929 Manual there appears a “Schedule for Renewing Rail Out of Face”. This 
is a detailed statement of the net time required for laying rail under certain definite con- 
ditions; if these are changed the schedule must be adjusted. We do not think that it is 
incumbent upon this Committee to specify, or even indicate, the steps that should be 
taken to adapt such a schedule for use under the various requirements of local peculiarity. 
It is our purpose to deal only with basic studies; the estimation of allowances for lost 
time due to traffic, or other such causes, is a matter for the local estimator to determine. 

There are, however, certain definite changes in general practice that have been in- 
troduced since the printing of the original rail laying study. The Committee now pre- 
sents additions to the rail laying schedule to cover the change to the 39-ft. rail and the 
increase in the number of ties per rail. 


SCHEDULE: RAIL-RENEWING OUT OF FACE BY HAND METHOD 
SIX HOLE PLAIN BARS REPLACING FOUR OR SIX HOLE PLAIN BARS 
SCHEDULE FOR 39' RAILS AS WELL AS 33' RAILS 


Schedule 

Schedule 

Schedule 

Schedule 

1 0-33' Rails 

10-33' Rails 

10-39' Rails 

10-39’ Rails 


18 Ties 

20 Ties 

22 Ties 

24 Ties 

Operation Per Rail 

Per Rail 

Per Rail 

Per Rail 

No. (Minutes) 

(Minutes) 

(Minutes) 

(Minutes) 

1 Adzing before drawing spikes.. 

43 

48 

51 

57 

2 Setting up rail 

90 

90 

105 

105 

3 Drawing one line of spikes 

90 

100 

no 

120 

4 Lining out old rail 

60 

60 

71 

71 

5 Plugging spike holes 

25 

28 

31 

33 

6 Adzing 

50 

55 

61 

67 

7 Cleaning rail seats 

18 

20 

22 

24 

8 Driving down stubs and crack- 





ing up remaining spikes 

18 

20 

22 

24 

9 Turning in new rail 

28 

28 

28 

28 

10 Distributing bolts, nut locks and 





spikes . . .' 

20 

21 

22 

23 

11 Placing splice bars and full bolt- 





ing 

140 

140 

140 

140 

12 Full spiking 

no 

122 

134 

147 

13 Uncoupling old rail 

no 

no 

no 

no 

Two flagmen during runs 

84 

84 

84 

84 

Water boy, 1 for gang of 20 men 

44 

47 

49 

52 

Foreman, 1 “ “ 20 “ 

44 

47 

.49 

52 

Total time for ten rails 

974 

1020 

1091 

1137 

Total minutes for one foot 

2.95 

3.09 

2.800 

2,915 

Standard Schedule: Hours 





per rail 

1.623 

1.700 

1.820 

1.895 


If any of the above items are not performed, subtract corresponding time with 
allowance for supervision from totals and figure revised standard time. 

When rail being replaced has bars with depending flanges the standard schedule be- 
comes 1.673 (18 ties per rail), 1.750 (20 ties per rail), 1.870 (22 ties per rail) and 1.945 
(24 ties per rail). 

When rail is being laid with continuous bars the standard schedule becomes 1.740 
(18 ties per rail), 1.817 (20 ties per rail), 1.937 (22 ties per rail) and 2.012 (24 ties per 
rail) . 

If it is necessary to draw more than one line of spikes on one side the standard 
schedule becomes 1.850 (20 ties per rail), 1.970 (22 ties per rail) and 2.045 (24 ties per 
rail) . 

When tie plates are being applied add 0.01 hour for each plate. 



112 


Economics of Railway Labor 


The development, and introduction, of mechanical aids in tie adzing, spike driving 
and pulling, bolt wrenching, and other features during the past few years has been very 
rapid. The possible variations in organization, size of gang and methods of procedure 
are many. It is now more essential than ever that the capacity of any individual 
machine, and the rate of performance of any particular operation be considered in terms 
of coordinating the progress of all the units of the work. 

It is to be expected that future developments in the practice of laying rail will bring 
about further changes in organization. With this in mind the Committee does not con- 
sider that the publication in the Manual of rail laying schedules, covering extensive use 
of mechanical equipment, would be justifiable at this time. 

We do, however, present for your information studies showing the organizations, 
equipment and production records of three railways on each of which the type of track 
construction varied in a marked maimer. 

On June 5, 1931, this Committee made an inspection of a rail laying organization 
on the Eastern Division of the Central Region of the Pennsylvania Railroad at Bellevue, 
near Pittsburgh, Pennsylvania. 

New 131-lb. 39-ft. rail was being laid to replace old 130-lb. 39-ft. rail. However, 
shortly after this date, the same gang began laying new lS2-lb. 39-ft. rail, replacing old 
130-lb. 39-ft. rail and used the same organization and equipment. The following are 
notes on organization and equipment in use on this gang, designated by this railway as 
the Eastern Ohio-Lake rail train. 


Work 

Distribution by work train of rail, tie-plates, joint-bars, rail anchors, bolts, spikes, 
and tie plugs. 

Dismantling old track, removing rail anchors, spikes, bolts, joint bars, rail and tie- 
plates. 

Preparing bed for new rail, including plugging old spike holes, adzing, and painting 
adzed surfaces of ties with creosote. 

Laying new rail, including setting tie-plates, setting rail, applying joint bars, bolting 
up, gaging, spiking, applying rail anchors, bevelling joints, and bonding rail ends. 

Picking up rail and material, making proper classification. 

Organization 

Distributing material — Local forces: 

2 foremen 

1 work equipment engineer (crane operator) 

14 laborers 

17 

Rail laying gang (special organized unit for laying rail — moved from point to 
point) : 

1 general foreman 
1 inspector M. W. (mechanic) 

1 derk 

2 foremen 

2 assistant foremen 

1 work equipment engineer (crane operator) 

4 machine operators 
78 laborers 

90 total— Recruited from six Divisions of the Eastern Ohio-Lake General 
Division; each man holding rights on his home Division. 
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Commissary (operated by a contract commissary company) : 
1 clerk (in charge) 

1 chief cook 
1 second cook 
3 dining car attendants 
1 car cleaner 

1 yardman 

8 Total 

Picking up material — ^Local force: 

2 foremen 

3 work equipment engineers (crane operators) 

15 laborers 

20 

Bonding: 

4 signalmen 


Equipment and Machines Used 

For distributing: 

1 crawler crane 

For picking up: 

1 crawler crane 

2 locomotive cranes 

For laying: 

1 Metalweld compressor — 280 cubic feet free air per minute capacity, 
equipped with overhead extension carriers for supporting pneumatic spike 
pullers. Operates four to six Ingersoll-Rand 99-C track wrenches 

4 Nordberg adzing machines equipped with 15^4" cutting heads 

2 Nordberg grinders for sharpening cutting bits for adzing machines 

1 Cullen-Friestedt Burro crane, 4-w'heel, Yz swing type, 30-foot boom, 
capacity 2^ tons 

1 12-tool, type 20, Ingersoll-Rand compressor equipped with air drive and 
cross trucks for operating 4 to 6 Ingersoll-Rand type CC-250 spike 
drivers and two Ingersoll-Rand 99-C track wrenches 
1 Keystone joint bevelling machine 

1 Madden rail layer (power) for emergency use 

2 Class E motor cars (1 Casey-Jones 551 and 1 Fairmont A-S) 

Trailers, trucks, etc. 

For bonding: 

2 Everett power bonding machines 

Train Equipment 
Carried by special gang 

1 water tank 
1 commissary supply car 

1 dining car 

2 dining-kitchen cars 
6 sleepers 

1 recreation-office car 
1 flat car 
1 oil car 

3 gondola cars 
1 tool car 


18 



114 


Economics of Railway Labor 


Line-up for Work 

Distributing (work train) : 

2 foremen 
4 on rail 
2 on splice-bars 
1 on bolts and nutlocks 
1 on anchors 
1 on spikes and plugs 
4 on tie plates 
1 on joint plates 

1 work equipment engineer (crane operator) 
17 

First unit (rail laying) : 

1 foreman 

2 starting spikes 
2 starting nuts 

1 removing rail anchor 
4 spike pullers 

1 compressor operator 

2 denutters (air wrenches) 

1 removing bond wires 

1 welder (not carried on train) 

2 joint spiker 

1 removing splices 

2 removing missed spikes 
2 throwing out rail 

1 removing tie plates 
4 lowering ballast 

2 driving down spike stubs 
2 setting tie plugs 

2 driving tie plugs 
1 sweeping ties 
1 water carrier 

35 

Summary (first unit) : 

1 foreman 
1 assistant foreman 
1 machine operator 
32 laborers 

35 

Second unit (rail laying) : 

1 foreman 
1 assistant foreman 

4 adzers 

1 machine operator (for adzing machine) 

1 applying creosote 

5 setting tie plates 
5 setting in rail 

1 work equipment engineer 

2 grinding adzing bits 
1 oiling rail ends 

4 applying splices 

3 gaging and spot spiking 

5 setting spikes 

4 air wrenches 
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1 compressor operator 

5 spike drivers 

2 applying rail anchors 
2 tightening bolts 

2 bevelling joints 
1 toolman 

1 water carrier 

52 

Summary (second unit): 

1 foreman 
1 assistant foreman 
1 work equipment engineer 

3 machine operators 
46 laborers 

52 

Total (rail laying) : 

1 general foreman 
1 clerk 

1 inspector M. W. (mechanic) 

35 first unit 

52 second unit 

90 

Picking up (work train) : 

2 foremen 

6 on rail 

3 on splices 

2 on scrap 

4 on tie-plates 

3 work equipment engineers (crane operators) 
20 

Bonding: 

4 signalmen 


Total forces: 

Distributing 17 

Laying 90 

Picking up 20 

Bonding 4 


131 
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The maximum laid by this gang was 627 rails 39 ft. long, with a daily average of 
272 rails. This gang normally took a stretch of track and closed it for traffic at 8:01 
a.m. each day without anything unloaded or distributed, and worked eight (8) continu- 
ous hours without stopping for noon meal and closed at 3:59 p.m., with all tools and 
equipment loaded on their work train and all old rail, scrap and other released materials 
picked up clean, leaving the track open for traffic. All new materials, tools, etc., were 
kept on cars between these eight-hour v/orking periods, the men lived in suitable quarters 
in outfit cars and the entire camp train was ready to move for work at any point desired 
when they closed the day’s work each afternoon. 

This was one of the several gangs on the Pennsylvania specialized through training 
and with adequate equipment of mechanical appliances which were kept on this one class 
of work throughout the year. It w^as a very efficient organization and did much more 
and better work than a larger not' specialized gang equipped with old-style hand tools 
could accomplish in the same allotted time under similar conditions otherwise. 

In 1931 for handling rail laying work on the Central Region, two specialized gangs 
were used, both organized on the same basis, but using slightly different appliances. The 
gangs were known as the Western-Pennsylvania Northern (W.P.N.) and the Eastern 
Ohio-Lake (E.O.L.), the names being derived from the General Divisions from which 
the gangs were recruited and over which territory they worked. 

The Western Pennsylvania-Northern gang was equipped with Nordberg spike pullers, 
a self-contained power unit which had been introduced and developed during the year 
1930; while the Eastern Ohio-Lake gang was equipped with Ingersoll-Rand air spike 
pullers suspended from overhead arms extended both front and back from a special built 
Metalweld self-propelled air-compressor. There was also a difference in the types of 
cranes used. The Western Pennsylvania-Northern gang was equipped with a 12-ton 
gas-driven Ohio locomotive crane, and the Eastern Ohio-Lake gang with a model No. 10, 
180® swing Burro crane. The locomotive crane was used to a greater extent in multiple 
track territory where it was necessary to unload and load compressors and other machines 
each day where it was possible to obtain the use of track for longer intervals. The 
Burro crane was*used mostly in single and double-track territory where, on account of 
traffic, it was necessary to close up and clear the track for traffic more often during a 
day’s run, which was done by running to convenient side-tracks or setting all working 
equipment off the track by means of the transverse wheels on temporary set-offs built 
adjacent to track on which working. While tracks were occupied by the rail-laying outfit 
it was used to the fullest extent possible for distributing and picking up material. 

The work train line-ups shown by Fig. 1, Typical Organization for Rail Laying, 
were used to a large extent but often varied to meet local conditions. At times, espe- 
cially in multiple track territory where the use of track was obtained for the entire day 
and where a work train in conjunction with the rail laying forces for handling the 
machines was necessary, the work train was composed of two engines, one working with 
cars containing material to be applied and distributing it ahead of the gang and the other 
in the rear of the gang picking up material so that when the procession had passed the 
work was completed. 

With the set-up as shown on the plan, it was possible to distribute rail faster than 
it could be laid so that one engine was used with the work train and rail was all dis- 
tributed in advance, and then the work train with a slightly different organization, similar 
to that ^ovm on plan was moved back of gang for picking up, the entire operation 
being amultaneously completed. 

The statement given below shows the amount of work performed, the machines used 
with cost of each, and an estimate of the total cost of laying rail. 
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Pennsylvania Railroad 
Central Region 

REPORT, RAIL LAYING— YEAR 1931 
General Information 

West Pennsylvania- Eastern 


Total amount rails laid 

Total tonnage rails laid 

Maximum rails laid per day 

Minimum rails laid per day 

Average number rails per day 

Average number tons per day 

Number of days laying rail 

Two trains laid in 321 train-days; 59,020 tons — or 
184 tons per day per train — or 
368 tons per day for two trains 


Northern 

54,250 

36,731 

621 

112 

313 

212 

173 


Ohio -Lake. 
33,247 
22,283 
471 
76 
224 
150 
148 


Summary of All Costs 


I. Forces laying rail. 


Distribution of rail and other track material (estimated cost) 

Picking up rail and other track material 

Other costs: 

a) Machines (interest, annuity to replace, and repairs) $0.35 

b) Camp (repairs and supplies) 0.13 

c) Moving camp and equipment 0.09 

d) Miscelkneous (fuel, water, stationery) 0.10 


Average total cost of laying rail, 1931 

(I) Forces Laying Rail 
Cost per Eight-Hour Day 


Per T on 
$1.94 
0.50 
0.54 


TITLE 


West-Pennsyl- 

vania'Northern 


Eastern- 

Ohio-Lake 


Foreman 

Engr. work equip. 

Asst, foreman 

Machine operators. 
Laborers 


Monthly 

or 

hourly 

Daily 

No. 

of 

Men 

1 Cost 
^ per 
Day 

No. 

of 

Men 

Cost 

per 

Day 

$196. 00 

$ 9.21 

1 

$ 9.21 

1 

$ 9.21 

166. 00 

7. 80 

1 

7.80 

1 

7. 80 

122.50 

5. 79 

1 

5.79 

1 

5.79 

142. 50 

6.73 

2 

13.46 

1 

13.46 

0.68 

5.44 

1 

5.44 

1 

5.44 

0.54 

4.32 

2 

8.64 

2 

8.64 

0.54 

4.32 

8 

34.66 

4 

17.28 

0.41 

3.28 

76 

249.28 

78 

i 255.84 


Daily Labor Cost $334. 18 

Rail train forces, 92 


$323.46 


Local forces: 

Welder (cutting bolts) , , , 

Signalmen (bonding) 

Si^almen helpers (bond- 
ing)- 


0.82 

6.56 

1 

6.56 

1 

6.56 

0.82 

6.56 

2 

13.12 

2 

13.12 

0.58 

4.64 

2 

9.28 

2 

9.28 




$363.14 


$352.42 


Total average daily cost. 
Total force 


97 


95 



118 


Economics of Railway Labor 


Daily rates for monthly men calculated on a basis of five days a week (the days actually 
laying rail). 


(H) Distributing Rail and Other Track Material (Estimated Costs) 


Distributing (cost per day) : 

2 crawler cranes — first cost $8,500 


$17,000.00 


15 years’ life at 6% depreciation — 2 cranes $ 730.00 

Interest at on $17,000 1,020.00 

Repairs $500 per crane 1,000.00 


Total $ 2,750.00 

Assume 200 working days per crane per year: 

Cost per crane per day $ 13.75 

Gas and oil 10.00 $ 23.75 

Labor: 

1 foreman at $142.50 6.73 

2 work equipment engineers at $0.68 per hour 10.80 ' 

19 laborers at 40 cents per hour 60.80 78.33 


Work train charges (including overtime) : 

Average cost per hour per train $ 11.00 

Cost per 10-hour day 110.00 


Total cost distributing force $212.08 

Such force will distribute rail at the rate of 8 cars per day (560 rails or 425 tons) 39-ft., 
131-lb. rail, at 50 cents per ton. 


(Ill) Estimate Cost ot Picking up Rail and Other Track Material 


2 crawler cranes — first cost $8,500 each $17,000.00 

1 locomotive crane 12,000.00 


Total $20,000.00 

Annual costs: 

Depreciation $29,000 at 6% — 15 years’ life 1,245.00 

Interest— 6% on $29,000 1,74,0.00 

Repairs — ^$500 per crane 1,500.00 


Total $ 4,485.00 

Assume equipment used 200 days per year: 

Daily costs 4485/200 X $ 22.42 

Gas and oil 15.00 


Total cost equipment $ 37.42 

Force: 

1 foreman at $142.50 $ 6.73 

3 work equipment engineers at 68 cents per hour 16.32 

15 laborers at 40 cents per hour 48.00 71.05 


Work train charges (including overtime) : 

Average cost per hour per train $ 11.00 

Cost per 10-hour day 110.00 


Total cost picking up $218.47 


This force and equipment will load rail at the rate of 600 rails per day (384 tons), 33-ft., 
130-lb., at a cost of 54 cents per ton. 
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(IV) Cost of Machines Used on Rail Trains 


ITEM 


Metalweld compressor 

Ingersoll-Rand compressor 

Ingersoll-Rand spike puller 

Ingersoll-Rand type 99C wrenches.. 

Nordberg spike puller 

Nordberg adzers 

Nordberg grinders 

Ohio locomotive crane 

Burro crane 

Ingersoll-Rand spike driver 

Keystone beveler. 

Everett power drill. 

Madden rail layer 

Push cars 

Motor cars 

Bonding drill 

Trailer cars 

Total investment in machines used. . 


Cost 

Western 
vania F 

Pennsyl- 

brthern 

East 

Ohio- 

ern- 

Lake 

Number 

Total 

Cost 

Number 

Total 

Cost 

$ 4,600 



1 

$4,600 

3;610 

2 

$ 7,220 

i 

‘s^eio 

225 



8 

1,800 

275 

5 

1,375 

5 

i;375 

1,100 

6 

6,600 



1^475 

4 

5,900 

4 

5,900 

100 

2 

200 

2 

200 

12,395 

1 

12,395 



5,425 


1 

5,425 

195 

6 

i,i70 

6 

1,170 

600 

1 

600 

1 

600 

584 

1 

584 

1 

584 

851 

1 

851 

1 

851 

150 

2 

300 

6 

900 

450 



2 

900 

375 

1 

375 

1 

375 

200 



4 

800 








$37,570 


$29,090 





Total investment in machines on both trains. 


$66,660 


Summary of Costs per Ton per Rail Laid 


1. Forces (actual laying) : 

Average daily costs Western-Pennsylvania-Northern gang $363.14 

Average daily costs Eastern Ohio-Lake gang 352.42 


Total daily costs, 2 gangs $715.56 

Distributed to 368 tons per day two trains 

Average cost per ton of rail $1.94 

2. Distributing rail and other track material: 

Cost per ton of rail 0.50 

3. Picking up rail and other track material: 

Cost per ton of rail 0.54 

4. Other charges: 

a) Machines 

Yearly cost, machines Western Penn.-Northern gang. . .$11,143 
Yearly cost, machines Eastern Ohio-Lake gang 9,632 


Total yearly cost, 2 trains $20,775 

Distributed to 59,020 tons of rail laid 

Average cost per ton of rail $0.35 

b) Camp expenses 

Repairs (only) to 34 cars retired from reg. service at 

$200 per car $ 6,800 

Bedding, laundry (not done by commissary company) 

and miscellaneous camp expenses per year 1,200 


Total yearly cost 


,$ 8,000 
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Distributed over 59,020 tons 

Average cost per ton of rail 

c) Moving camp and equipment 

Work train or other crew moved, each train average 

once a week — 8 hrs. wk. train at $11.00 $ 88 

Distributed over week’s work (5X184 tons) 920 Ions, 

or cost per ton of rail 0.09 

d) Miscellaneous expenses 

Water, fuel, office, medical and other supplies — $100 per 

week per train 

Distributed over week’s work (5X184 tons) 920 tons, 


cost per ton rail 0-10 

Total “other charges”--Average cost per ton of rail 0.67 

Average total cost per ton of rail $3.65 


It is noted that the number of rails laid per day varied considerably, the minimum 
being 76 and the maximum 627, which number was obtained in replacing rail of like 
section not involving change of tie-plates and adzing ties. The 76 were laid through a 
tunnel under adverse weather conditions with unusual heavy traffic. 

The statement shows the cost of the work in detail. There is a variation in the 
amount of work done and average cost per ton between the two gangs which is the 
result of one gang working to a large extent in territory where it was possible to obtain 
uninterrupted use of track for longer intervals. 

Equipment and machines costing $66,660 were used with the two gangs; the interest 
on which, together with repairs and an annuity to replace the machines when worn out 
or retired on account of obsolesence, amounted to $20,775 per year or about $130 per 
day actually used, or $0.35 per ton of rail laid. 

The cost of laying rail, including all sections and under all conditions during 1931 
averaged $3.65 per ton including all costs. 

The foregoing information on the cost and the operation of these gangs is taken from 
information furnished to the International Railway Congress Association for its Xllth 
Session, Cairo, Egypt, 1933 on “The Use of Mechanical Appliances in the Permanent 
Way Maintenance and in Track Relaying,” by F. M. Thomson, Chairman of A.R.E.A. 
Committee XXII. 

Chesapeake & Ohio Railway 

The organization of rail gangs on this railroad varies but little from that of the 
Pennsylvania and other railways that are extensively equipped with power tools. It is 
shown, however, as an example of those railways that follow the practice of securing the 
tie plates to the ties. In this case the fastenings were lag screws and double convolution 
spring washers, the rail being fastened with cut spikes. 

One of the advantages claimed for this style of track construction is that the cost 
of relaying, after tie plates have once been secured, will be reduced materially. The 
Committee presents a time study showing the organization used and the actual result of 
a ^y’s laj^g where tie plates are to be lag screwed for the first time. The number of 
rails, 480, is an ordinary day’s run for this gang which has laid as high as 668 rails per 
day. ^ As soon as information is available the Committee will report on the changes made 
in this organization when laying on fixed tie plates, and the resultant savings obtained 
by this method of handling work. Preliminary estimates indicate that the cost of lay- 
ing should be reduced approximately two-thirds. 

Fig. 2 illustrates rail laying organization on the Chesapeake & Ohio Railway when 
rail is dismantled ahead of crane. 
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THE CHESAPEAKE AND OHIO RAILWAY COMPANY 

RAIL LAYING ORGANIZATION 

WHEN RAIL IS DISMANTLED AHEAD OF CRANE 


TOTAL NUMBER OF MEN USED - 133 



















Estimated Anntjal Cost of All Machines Used on Rail Trains 

(Including Interest on Investment, Annuity to Replace, and Repairs) 


122 


Economics of Railway Labor 




a 3 C 

. Q C Q 

^ s-s 


rHCRfCDvn) lO 


tH 1-HOOlO 


oicocoooo^(MCNaoo 

xooit-cr)00[co(MO<y3 

OC£>04rHTHCO(MTH(M 


rHOrHrHT-tcnCNlrH'^ 


c; C C 
i: <3 h 
^»S-c 


23 E? 
, o s e 
S-5 


lOCOTi<OOCO I '^D 00 CO CO CM 
t-CDOCOt- iC3t-COCNlTH 
iLOt-O (M l':D(MT-^r^r^ 


lOtiOTjccMTH ICOtHtHtHCM 


■s’c 2 .5 
‘'§■5 ? 


VOTHCOlOTHrHTj<<;D03COCOCOCO';OrH<Mt>' 
CMCJ30THiOOOOt'UOTHt^CD(MU:>rHOCD 
tH 03 (M tH •rt< uo (MOt-KMtHtH tH 


CS*^ .3 

.s s S 


OOOOOOOOOUOOOOOOluOO 

OOU5lLOOiOrHOOt“OCDTHCM^OOOCM 

UOLOtH cm r-< O^T) rH 


15 i 

=£§§ 

■o§" 


(53Tj<O03l0CMCX)CMC003t>CXDl0t>Tt<Tt<U0 
Ti<E>rt<'^03COiHCOOOMCO«OCO(M(:0'^CO 
COCM r^(M «3(M 1-1 


■3 C 

C O § 

|!f 

VO c c 


COl>COCD«OiO>CO'ii<COCMCOUOrH(05t-CO(M 
C-tHtHtHCDOO (M iH CO CO to (M 03 tH 

CM CM t> CO 




OOtOUOtOlOtOtOUOCDri^OOOtOOCOtO 


OOtOtOOtOOtOlOlOOTli^OOtOO 

OTHCMt>Ot-003CM030COUOtO>iOC-0 

CDCCDCM<Mr-H-^THCO''3<T-(?OtOOOrHTjHCOCM 

'»;}< CO r-( tH CM to 
rH 




S2^ 

13 S 


2o.se 

02 ao) 

a § w 03 ^ CQ 


CD 


r0pH«« 


M CCJ 


, CD 

w S 




0) 

botiflbfiflccJicD'C^i 5M"^ 

^'o'o'o c3 §3 Q) 2 <y'o m ^ 

M M M rQ rQ ,-CO o .r-, TO R F-i ,„S ^ H 9 ^ 

p i SJ’S'H'S <=> i S3 


3 


CCJ 


O 



Economics of Railway Labor 


123 


The performance on the days laying observed was 18,720 lin. ft. of rail in 872 man- 
hours. This is at the rate of .0465 man-hours per foot, or 245.52 man-hours per mile 
of rail. The time of the surfacing gang is not included. 

The application of the lag screws does not take place at the time the rail is laid; 
but is done subsequent to such respacing of ties as may be necessary. The organization 
and equipment of the lag screw gang is as follows: 

Equipment 

Eight Tool Tie Tamper Compressor, or 
Six Tool Tie Tamper Electric Generator 
Four Wood Boring Machines or Electric Drills 
Two Air or Electric Wrenches 
Necessary cans for pouring creosote in holes. 


Organization 

Foreman 1 

Compressor Operator (also sharpens bits) 1 

Drill Operators 4 

Wrench Operators 4 

Distributing Lag Screws 1 

Pouring Creosote 2 

Total 13 


The time required for applying the lag screws, based on the placing of 1,501,340 
screws in the year 1931, was at the rate of .041 man-hours per screw, or 219.44 man- 
hours for 5486 lag screws per mile of rail. No lag screws were applied on joint ties. 
Other charges for this work per mile of rail were: Creosote $4.50, Gasoline, oil and 
other supplies $4,28, Drill Bits ^.17. 

The total labor cost for laying this rail (exclusive of unloading and picking up) and 
applying the lag screws was .047 + .041 = .088 man-hours per foot of rail. 

The total man-hours for laying (excluding distribution and picking up) one mile of 
130-lb. R.E. section rail with six hole angle bars, and including the lag screw application 
would be 245.52 -j- 219,44 = 464.96 man-hours. 

GEO Track on the Louisville & Nashville Railroad 

As this type of construction presents a different method of fastening rail while at 
the same time securing tie plates to the ties, the Committee presents the following time 
study showing equipment and organization used in laying GEO construction on the old 
ties that were in the track. The 100-lb. R.E. section rail being rephced by 110-lb. 
section. The work outlined in the study was part of a two-mile section installed by this 
railroad. The gang had but one day’s previous experience with this type of construction. 
It is our opinion that with more practice, and longer stretches to lay, the cost of the 
work would be reduced materially. 

Equipment 

1 If 20 Burro Crane setting in rail 

1 fflO Burro Crane with boom supporting air hose, and used as motive power 
for air compressor 

2 Nordberg adzing machines 

2 8-tool non-self-propelled air compressors (Ingersoll-Rand) 

1 12-tool non-self -propelled air compressors (Ingersoll-Rand) 

1 Track bolt wrench 

2 Lag screw wrenches 
4 Air boring wrenches 
4 Clip wrenches 

Organization 

1 Foreman 

20 Men with claw bars and lining bars, stripping track and throwing out coupled 
rail 

1 Foreman 

2 Adzers 

2 Grinding and changing bits 
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1 Foreman 

1 Burro crane operator 

12 Men creosoting ties, placing plates, setting rail 

3 Men with push cars (2) carrying creosote, etc. 

4 Men with push cars distributing clips, lag screws, bolts, etc. 

1 Man adjusting plates 

1 Foreman 

2 Power track bolt wrench operators 
1 Compressor operator 

4 Clip bolt wrench operators 

1 Foreman 

6 Men gaging, partly driving cut spike each four or five ties, at either end of 
plate to hold gage 

1 Man with slip punch centering lag screw holes 
1 Man boring lag screw holes for gaging 

1 Foreman 

1 Compressor operator 
1 Burro crane operator 
4 Machine borer operators 

1 Compressor operator 

10 Men setting lag screws, etc. (2 power wrenches) 

4 Men gathering tools, etc. 

2 Men bonding joints 

2 Men helping bonders 

4 Water boys 
1 Flagman 

96 Total 

The performance on the day^s laying observed was 7020 lin. ft. of rail in 960 man- 
hours. This is at the rate of .137 man-hours per foot of rail, or 723.36 man-hours per 
mile of rail. As in the case of other types of construction where the plates are secured 
to the ties, future rail renewals should be done much more quickly. It is estimated that 
the time required for relaying, where the same section of rail is used, is but one-third of 
the time required for the original GEO installation on old ties. 


Recommendation 

1. The Cominittee recommends that the subject matter in the Manual beginning 
with Exhibit A on page 1449 to and including the first three paragraphs on page 1466, be 
withdrawn. 

2. The Committee recommends that this report be received as information and the 
subject continued. 



REPORT OF COMMITTEE XX— UNIFORM GENERAL 
CONTRACT FORMS 


F. L. Nicholson, Chairman; 
C. Frank Allen, 

E. H. Barnhart, 

W. H. Branteld, 

B. S. Dickerson, 

R. P. Eubank, 

W. D. Faucette, 

F. H. Fechtig, 

J. P. HAnley, 


B. Herman, 

J. C. Irwest, 

A. C, Jackson, 
J. S. Lillie, 

S. L. Mapes, 

A. A. Miller, 
0. K. Morgan, 

C. B. Niehaus, 
H. A. Palmer, 


W. G. Nusz, Vice-Chairman; 
W. M. Post, 

J. A. Russell, 

Charles Silliman, 
Huntington Sa-hth, 

J. S. Thorp, 

C. A. Wilson, 

John Worley, 

Committee. 


To the American Railway Engineering Association: 

The subjects assigned and now under consideration by the Committee are of such 
nature as to require collaboration with other Committees of this Association, and in 
addition thereto conferences and correspondence with other organizations, having to do 
with the use of such forms, with the view to reconciling, as nearly as possible, the 
differences of opinion and interests, thus when the forms are completed and ready for 
action by this Association they will be acceptable as a fair guide or base from which 
contracts or agreements may be prepared to cover any local condition, and can be used, 
in most cases, in the exact form as recommended. It should not be expected, however, 
that this Committee can secure in every instance the unqualified approval or adoption of 
such completed forms by other organizations — ^where interests differ, opinions likewise 
differ. Because of these difficulties in preparation of the forms, the Committee’s report 
is largely one of progress, which assuredly is being made in all subjects. 

The Committee reports: 

1. Revision of Manual (Appendix A). 

,This subject is being given serious consideration and studies are being made with 
the intent to abbreviate and standardize phraseology so that paragraphs covering the 
same requirements may be used in all forms. Revisions are desirable in one or two 
forms to better conform to present practice; none of these, however, are of such nature 
as to require handling at this time. They will be covered before the next issue of the 
Manual, or earlier if found desirable. 

The Committee has no revisions to recommend at this time. 

2. Form of Agreement for the Purchase of Electrical Energy in Large Volume (such 
as required for traction purposes), collaborating with Committee XVIII — ^Electricity 
(Appendix B). 

The Committee submitted a tentative form of agreement at the last annual con- 
vention, with the request that all parties concerned submit constructive criticisms and 
suggestions. The result has been most gratifying. The Committee is now giving con- 
sideration to these recommendations and conferences will be necessary before further 
action can be made. 

3. Form of Conveyance of Title Granting the Right to Construct and Maintain 
Air Right Buildings over Railway Property (Appendix C) . 

Considerable progress has been made in gathering information and in the prepara- 
tion of the form required under this assignment, but due to the serious illness of the 
Chaimoan of the Sub-Committee, the Committee sinfply reports progress. 

4. Form of Agreement for Pipe Line Crossings under Railway Tracks, collaborat- 
ing with Committees I — ^Roadway, and XIII — ^Water Service and Sanitation. 


Bulletin 349, September, 1932. 
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5. Form of Agreement for Use of Railway Property by Pipe Lines paralleling the 
Railway, with special reference to pipe lines carrying high pressure inflammable oils and 
gas, collaborating with Committee I — Roadway (Appendix D). 

The Committee is of the opinion that one form of agreement can be drawn to 
embrace these two assignments, the first draft of which is printed in this report as 
Appendix D, and is submitted for discussion and as a progress report. 

6. Form of Agreement with Public Authorities for Highway Grade Crossing 
Elimination or Separation, collaborating with Committee IX — on Grade Crossings 
(Appendix E). 

This is a subject requiring the most careful consideration and investigation of the 
Committee. The information gathered by Committee IX — on Grade Crossings and the 
studies of this Committee will be of valuable assistance to the members. 

The Committee has no form of agreement to present at this time. 

The Sub-Committee report is printed in this report as Appendix E. 

Respectfully submitted, 

Tee Committee on Uniform General Contract Forms, 

F. L. Nicholson, Chairman, 


Appendix A 

(1) REVISION OF MANUAL 

J. C. Irwin, Chairman, Sub-Committee; C. Frank Allen, W. H. Brameld, 0. K. Morgan 
W. G, Nusz. ' 

Your Committee has no revisions to recommend at this time. 


Appendix B 

(2) FORM OF AGREEMENT FOR THE PURCHASE OF ELECTRI- 
CAL ENERGY IN LARGE VOLUME (SUCH AS REQUIRED FOR 
TRACTION PURPOSES) 

Sub-Committee; E. H. Barnhart, S. L. Mapos, H. A. Palmer, 
W. M. Post, J. s. Thorp. ’ 

Your Committee reports progress with Form of Agreement for the Purchase of 
Electrical Energy in Large Volume. A complete summary of all criticisms and sugges- 
tions received was prepared and furnished the members of the Sub-Committee and to 
the members of Committee XVII of the Electrical Section, with request that each member 
give recommendation on the comments received. These are now being tabulated and 
will form the basfe for final revision of the proposed Form of Agreement. 

Action Recommended 

That this be accepted as a progress report and that the assignment be continued. 
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Appendix C 

(3) FORM OF CONVEYANCE OF TITLE GRANTING THE RIGHT 
TO CONSTRUCT AND MAINTAIN AIR RIGHT BUILDINGS 
OVER RAILWAY PROPERTY 

0. K. Morgan, Chairman, Sub- Committee; R. P. Eubank, C. B. Niehaus, Huntington 
Smith. 

The information gathered on this assignment has enabled the Committee to draft a 
tentative form which is now under discussion, but not ready for presentation to the 
Association. 


Appendix D 

(5) FORM OF AGREEMENT FOR PIPE LINE CROSSINGS UNDER 
RAILWAY TRACKS AND FOR THE USE OF RAILWAY PROP- 
ERTY BY PIPE LINES GENERALLY PARALLELING THE 
RAILWAY 

Charles Silliman, Chairman, Sub-Committee; F. H. Fechtig, J. P. Hanley, B. Herman, 

A. C. Jackson, J. S. Lillie, J. A. Russell. 

Your Committee submits the following form as a first draft. 

Effort is being made to co-operate with the American Petroleum Institute and 
Committees I and XIII. A conference has been held with representatives of the Amer- 
ican Petroleum Institute and the general approval of Committees I and XHI has been 
obtained. 

It is suggested the subject be continued until further hearing from the American 
Petroleum Institute. 

This Agreement made this day of 19 , by and 

between hereinafter called the Railway 

Company and hereinafter called the 

Licensee, 

WITNESSETH: 

Whereas the Licensee desires to construct, reconstruct, maintain and operate a 

inch pipe line for the handling of , under the 

tracks and/or upon the property of the Railway Company, at or near 

County of State of 

substantially as shown on Plan No dated 

designated as and the Specifications hereto attached and 

made a part hereof, 

It is mutually agreed as follows: 

(1) The Railway Company grants permission to the Licensee to construct, recon- 
struct, maintain and operate said pipe line upon its property and/or under its tracks in 
accordance with said Plan and the Specifications hereto attached and forming a part 
hereof, subject to the conditions and requirements of this Agreement. 

(2) In consideration of this license, the Licensee shall pay to the Railway Company 

the sum of $ 

(3) The Licensee hereby acknowledges the title of the Railway Company in and 
to the premises described in this Agreement and agrees never to assail nor resist said 
title. 
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(4) The Licensee agrees at its own cost, subject to the supervision and control of 
the Railway Company’s Chief Engineer or other designated officer, to lay and maintain 
the pipe line in such manner and of such material that it will not at any time be a 
source of danger to or interference with the safe operation of the railway. Arrange- 
ments must be made with the Chief Engineer or other designated representative of the 
Railway Company for the date and time for doing such work. Any work neglected by 
the Licensee or the contractor doing the work in connection with this laying or main- 
tenance of the pipe line, or which the Railway Company would prefer to do itself, may 
be done by the Railway Company, and the Licensee agrees to reimburse the Railway 
Company therefor. 

(5) If any commission or other regulatory body duly constituted and appointed 
in compliance with Federal laws or the laws of the State in which the pipe line herein 
referred to is situated, shall by ruling or other general order prescribe a higher degree of 
protection than set forth herein or required under the attached Specifications, then said 
ruling or general order shall be complied with for the pipe line referred to herein. 

(6) The pipe line, if conveying gas, natural or artificial, oil, gasoline or other in- 
flammable matter, matter under pressure, or matter which from its nature may cause 

damage, shall be laid and maintained when within feet on each side of the 

nearest track inside an auxiliary or protecting pipe, and at a depth of not less than 

below the base of rail where passing under the tracks, as set forth 

in the Specifications. (In the case of low pressure lines, modification of these require- 
ments may be made with the approval of the Railway Company.) 

(7) If the Licensee desires or is required as herein provided to revise, renew, add 
to or alter in any manner the pipe line, or to increase its operating pressure or change 
the purpose for which the pipe fine is used, it shall submit plans to the Railway Com- 
pany and procure the approval thereof in writing before any work or increase of pres- 
sure or change of use in said pipe line is undertaken, and the terms and conditions of 
this Agreement shall apply thereto unless changed by mutual consent of the parties 
hereto. 

(8) The Licensee agrees that in any future alteration of the alignment or grade 
of the Railway or the laying of additional tracks, the Licensee will bear the entire 
expense of changing said pipe line, to permit of said alterations of the alignment or 
grade of the railway or the laying of additional tracks, so that the pipe line will continue 
to conform to the requirements of the Railway Company. 

(9) The Licensee as part of the consideration for this grant, hereby releases and 
waives any right to ask for or demand damages for or on account of loss of or damage 
to the pipe line and contents thereof, whether attributable to the fault, failure or negli- 
gence of the Railway Company or otherwise. 

(10) The Licensee shall indemnify, protect and save harmless the Railway Company 
from and against all claims, suits, costs, charges, causes of action, or damages made upon 
or incurred by the Railway Company in connection with this license. 

(11) This license is given and accepted under the express condition that it may be 

terminated at any time by either party upon notice in writing to 

be served upon the other party, and that upon the termination of this Agreement the 
Licensee shall abandon the use of the pipe line and, should it be required by the Railway 
Company, remove the same and under the direction of the Railway Company restore 
aU the properties of the railway to a condition equal to that in which they were prior 
to the placing of the pipe line. 
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(12) In case the Licensee shall fail to remove its property or to restore the premises 

as aforesaid within of said termination, the Railway Company 

may proceed with such work at the expense of the Licensee. 

(13) No termination of this Agreement shall release the Licensee from any liability 
or obligation which may have attached or accrued previous to or which may be accruing 
at the time of such termination. 

(14) This Agreement shall inure to the benefit of and be binding upon the legal 
representatives and successors of the parties hereto, but no assignment hereof by the 
Licensee, its legal representatives and successors, shall be binding upon the Railway 
Company without the written consent of the Railway Company. 

In Witness Whereof, the parties hereto have executed this Agreement in 

the day and year first above written. 

Witness: 


Witness: 


By 


By 


Appendix E 

(6) FORM OF AGREEMENT WITH PUBLIC AUTHORITIES FOR 
HIGHWAY GRADE CROSSING ELIMINATION OR SEPARATION 

W. G. Nusz, Chairman, Sub-Committee; B. S. Dickerson, W. D. Faucette, A. A. Miller, 
C. A. Wilson and John Worley. 

A number of different railroads have responded to your Committee’s request and 
furnished agreements covering the elimination or separation of grade crossings in different 
states and Canada. These have been carefully studied and considerable time spent on the 
preparation of an agreement, but the Committee is not ready to submit a tentative form 
for consideration of the Association at this time and recommends that the subject be 
continued. 
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REPORT OF COMMITTEE I— ROADWAY 


C. W. Baldridge, Chairman; 


J. B. Akers, 

J. B. Arter, 

H. B. Barry, 

E. J. Bayer, 

A. E. Botts, 

W. G. Brown, 

T. A. Burgess, 

G. H. Burnette, 
Paul Chipman, 

L. J. Drumeller, 
L. C. Frqhman, 
J. A. Given, 

J. N. Grim, 

G. F. Hamilton, 

H. H. Harman, 


Daniel Hillman, 

F. W. Hillman, 
R. M. Jolley, 

G. E. Ladd, 

W. J. Lank, 

H. W. Legro, 

E. R. Lewis, 

H. T. Livingston, 
W. F. Monahan, 
W. A. Murray, 

J. C. Nickerson, 
J. A. Noble, 
Roscoe Owen, 

E. H, Piper, - 
W. C. Pruett, 

W. M, Ray, 


G. S. Fanning, Vice- 
Chairman; 

C. S. Robinson, 

L. S. Rose, 

C. S. Sample, 

P. T. Simons, 

E. M. Smith, 

W. C. Swartout, 

H. M. Swope, 

J. B. Trenholm, 
Jamison Vawter, 

0. H. Wainscott, 
Thomas Walker, 

H. N. White, 

F. E. Wiesner, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith its report covering the following 
subjects: 

1. Revision of the Manual. 

No revisions recommended this year. 

2. Methods of Roadbed Drainage (Appendix B). 

This report is a continuation of the report on the same subject as made and 
adopted last year, and it is the Committee’s recommendation that the matter in Ap- 
pendix B, beginning with the words “French or Rock Drains” on the first page of the 
report and ending with Article 9, be adopted for inclusion in the Manual, following the 
matter adopted last year. » 

3. Study the service life of fence wire and specifications for railway fence wire 
(Appendix C)-. 

It is recommended that this report be accepted as information. 

4. Investigate the use of portable cribbing in place of rigid retaining walls and the 
utility of the different kinds of portable cribbing (Appendix D). 

It is recommended that the report be accepted as information. 

5. Physical properties of soils and their effect upon roadbed performance (Ap- 
pendix E), 

It is recommended that the report be accepted as information. 

6. Drainage areas, water runoffs, and the proper size of waterway openings re- 
quired under varying conditions (Appendix F). 

It is recommended that the report be accepted as information. 

7. Methods of correcting soft spots in railway roadbed where it is impracticable 
to stabilize by drainage (Appendix G). 

It is recommended that the report be accepted as information. 

8. Specifications for overhaul in grading contracts and a recommended method of 
calculating overhaul (see Appendix E, page 315 of Bulletin No. 342, December 1931, or 
page 315 of Vol. 33 of the Proceedings.) 

This subject was reported on at the 1932 Convention and was offered as infor- 
mation with the request that the subject be reassigned for further study. After making 
a further study of the subject the Committee decided to offer the report of last -year 
with the recommendation that it be adopted for inclusion in the Manual. 

Bulletin 349, September, 1932. 
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9. Desirable width of roadbed in cuts and on fills, and desirable slopes of banks 
under varying conditions of present-day loadings (Appendix I). 

It is recommended that the subject be accepted as information. 

10. Investigate methods of protection against drifting snow on line of road and 
means and methods of removing or disposal of snow in yards and terminals 
(Appendix J). 

It is recommended that the subject be accepted as information. 

11. Specifications for galvanizing metal pipe culverts. 

Conditions beyond the control of the members of the Committee made necessary 
the resignation from the Sub-Committee chairmanship of the member originally as- 
signed. The succeeding Sub-Committee Chairman collected considerable valuable data, 
but not sufhcient to justify a report at this time. The Committee therefore reports 
progress. 

12. Specifications for pipe line crossings under railway tracks (Appendix K). 

The report is offered with the recommendation that it be adopted for inclusion in 

the Manual. 

Respectfully submitted, 

The Committee on Roadway, 

C. W. Baldridge, Chairman. 


Appendix B 

(2) ROADBED DRAINAGE 

G. S. Fanning, Chairman, SuhhCommittee ; L. J. Drumeller, G. E. Ladd, E. R. Lewis, 

W. F. Monahan, J. C. Nickerson, E. H. Piper, C. S. Sample, E. M. Smith, H. M. 

Swope. 

Consideration of this subject has been continued in accordance with the outline 
adopted in 1931 (Proceedings, Vol. 32, page 170)- and the following report is offered for 
publication in the Manual: 

French or Rock Drains 

10. French or Rock Drains are underground passages for water through the in- 
terstices among stone placed loosely in a trench. They have proved particularly useful 
in draining embankments made of water-retaining materials, which show a tendency to 
heave or slide when wet, and also in curing slides in similar materials in cuts and in 
side hni cut-fill sections. 

French or Rock Drains should be constructed transversely of the embankment or 
slide at intervals determined by the conditions; in the most troublesome cases it is 
seldom necessary to place them closer together than forty feet center to center. 

The trench, with a width of four to five feet, should be excavated to a depth of 
at least two feet below the bottom of ballast or water pockets or unstable material. 
The trench should be thoroughly cribbed; the use of trench jacks is recommended. 
Cribbing may be removed as the trench is filled with stone. From the toe of the em- 
bankment, the bottom of the trench should rise on a grade of at least 5 per cent and 
terminate normally under the far end of the ties of the farthest track. The blind end 
should be excavated on a slope of approximately % horizontal to 1 vertical. Under 
extreme conditions the trench may be excavated entirely through the full width of the 
fill; this is especially desirable at the upgrade end of the fill to cut off the flow of water 
from the ballast and side ditches of the cut above, also in side hill fills and combina- 



Roadway 


133 


tion cut-fill sections. Extending rock drains entirely through the fill is undesirable in 
overflow territories on account of flood water flowing through the fill at the drains 
when the water level is higher on one side of the embankment than on the other. 

The trench should be filled to the top with stones of a size easily handled by one 
man. Care should be taken to fill the voids on both sides and at the top of the drain 
with spalls to reduce to a minimum any silting and consequent settlement of the 
embankment. 

The rock drain may be increased in capacity where necessary by installing a per- 
forated corrugated iron pipe with perforations down on from two to four inches of 
permeable material, such as stone or gravel ballast, at the bottom of the drain; this is 
generally desirable as it gives a rapid outlet for the water, thus reducing silting and 
prolonging the life of the drain. 

Where the topography does not permit a direct outlet for these transverse drains, 
an intercepting drain should be built about ten feet from the toe of slope to provide an 
outlet for the laterals. 


(Ill) SPECIAL PROBLEMS DURING CONSTRUCTION 
Prevention of Soft Spots and Water Pockets 


1. Definitions 

Soft Spot. — small area in excavation or embankment, or the sub-soil under an em- 
bankment, saturated with water and having a relatively small supporting power 
(1929 Manual, page 23). 

Water Pocket. — A depression in the roadbed, filled with ballast or other porous mate- 
rial, wherein water collects and is confined. (Vol. 16, 1915, page S96). 

2. Causes 

Soft spots are due to the instability of the material forming the roadbed or of the 
natural ground upon which the embankment is placed when saturated with water. 
The water may be either capillary water held in the soil by its nature or free water 
held there by lack of drainage or both. 

Water pockets originate in construction errors of two types: (1) the failure to 
remove from the subgrade in cuts and the use in fills of unstable material into which 
the ballast is driven by the increasingly heavy loads and (2)* the improper placing or 
dressing of stable materials, such as the use of frozen material in winter, or the de- 
formation of the subgrade prior to ballasting. The water contained in such pockets is 
free water held there by lack of drainage. 

3. Prevention (Vol. 20, 1919, pp. 416, 880, 1929 Manual, page 46). 

Soft spots and water pockets can be prevented in many cases by proper formation 
of the roadbed and the use of proper kind and depth of ballast, as follows: 

a. Necessary surface and sub-surface drainage facilities as specified in (I) and (II) 
above should be provided. 

b. The roadbed should have sufficient crown to drain properly and the surface 
should be smooth, and be maintained in this condition until ballast is placed. Any 
backfilling necessary to make a smooth surface should be made of the same material as 
exists in the roadbed. 

c. Where roadbed, in either cuts or fills, is composed of a more or less clayey 
material, after the work has been brought to a sub-grade all construction tracks- should 
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be removed and the sub-grade rolled with a road roller weighing about ten tons and 
thus brought to proper crown and surface. 

d. The operation of trains over track laid on new roadbed without ballast or sub- 
ballast tends to drive the ties into the roadbed and thus form depressions, which later 
on develop into water pockets; such operation should be avoided so far as possible. 

e. Sub-ballast should be of good cinders, gravel or other similar material, so as 
to prevent roadbed working up into the ballast proper. Stone ballast should not be 
used directly on top of clay or loam roadbed. 

f. Sufficient depth of ballast should be provided to insure even distribution of the 
load on the roadbed. 

Long Cuts (Vol. 22, 1921, pp. 716, 1051, 1929 Manual, page 49). 

4. If long low-grade cuts are unavoidable, they should be taken out, if prac- 
ticable, to such width as will permit of wide, deep side ditches. The slopes should be 
made flat enough to avoid all danger of the sides of the cut sloughing. Some cuts 
will stand indefinitely with very steep slopes, others are not stable at 1:5 to 1. Special 
attention should be given to the provision of adequate intercepting ditches on the hill- 
side above the cut. 

Where it is not practicable to take care of the drainage with wide deep side 
ditches, sub-drainage should be provided. 

Widening Cuts and Fills (Vol. 30, 1929, pp. 243, 1356, 1929 Manual, page 47). 

5. When cuts and fills are to be widened and/or raised either to increase the width 
of roadbed for existing tracks or for the construction of additional tracks, field studies 
should be made to determine profile of bottom of existing ballast; the new part of the 
roadbed, if of an impervious nature, should be kept below the bottom of the existing 
ballast and sloped outward. Any additional filling needed to complete a higher roadbed 
section should consist of porous material. 

In case porous material is not available for such higher section, lateral pipe or 
rock drains through the higher section will be necessary as specified in B-n.™9 and 10 
above. 

Multiple Tracks (Vol. 28, 1927, page 850). 

6. The drainage of a roadbed carrying three or more main tracks ordinarily is not 
materially different from that for a single or double track line. 

In cases where a system of pipe drains, consisting of mains on both sides of the 
roadbed with laterals extending from each under two tracks, as described in B-II.-9 
above, is for any reason impracticable or insufficient, there may be used, either as a 
substitute or a supplement, a system of longtitudinal drains between each pair of tracks. 
Corrugated perforated iron pipe, 8 in. or more in diameter, should be used, laid with 
perforations down, on a grade of at least 0.5 per cent, with the top of the pipe at the 
upper end at least 12 dn. below bottom of the ties. Lateral outlets of unperforated 
corrugated iron pipe should be used at intervals of 200 to 500 feet to take the discharge 
into side mains or ditches. The trench excavated between tracks to take the longi- 
tudinal drain should be backfilled with ballast. 

Where no other drainage of the intertrack space is provided, it will generally be 
found desirable to install drainage outlets at the upgrade side of road crossings, bridge 
abutments and other obstructions to drainage. Corrugated iron pipe laterals serve well 
for this purpose. 
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7. Yards (Vol. 19, 1918, page 404, Vol. 28, 1927, page 850, 1929 Manual, page 48). 

a. Since railroad yards are usually located on the flattest terrain available and 
have great widths of roadbed at approximately the same elevation, drainage is particu- 
larly important. 

b. Drainage, therefore, should be given due consideration in the location, design 
and estimates of yards. 

c. Where practicable, each yard should be so designed that, starting either at the 
middle track on flat ground or at the uphill track on sloping ground, each adjacent 
track in order is stepped down two to six inches, thus providing for a quick surface 
run-off at right angles to the tracks and a cross grade for sub-surface drainage, as well 
as minimizing the volume of embankment in many cases. 

d. The construction of yard drainage facilities is almost always incident to other 
work, either the alterations of an existing yard or the construction of a new one. 

e. Yards which involve drainage problems are flat-switching and gravity yards for 
freight cars and yards for passenger cars at terminals. The general drainage problem 
is met in freight yards, which are usually remote from the centers of cities. Passenger 
car yards, which are usually placed as near as practicable to the passenger stations, 
well within city limits, generally have city sewers available, which make their drainage 
a special problem. 

f. The drainage plan for a freight yard will depend upon local conditions, in- 
cluding amount and distribution of rainfall, character of the soil, topography, number 
and grade of tracks and their position both in relation to each other and to the 
natural ground, and especially the location and elevation of a suitable outlet. 

g. If the site is crossed by streams, consideration should be given to the construc- 
tion of an intercepting channel along the entire up-stream boundary, as against building 
long culverts under the yard to carry the streams separately. Although the initial cost 
may be comparatively high, such a stream diversion shuts off all cross drainage from 
outside the yard, limits the yard drainage system to that required to dispose of water 
falling directly on the yard area, furnishes an outlet for part, if not all, of the yard 
drainage, and tends to bar trespassers, 

h. Within the yard area, surface waters should first be taken care of as much as 
possible by open ditches, where they will not interfere with the. safe and efficient opera- 
tion of the yard. 

i. Where the subgrade is of such a nature that water will pass through it, without 
any of it being retained, no special drainage facilities will be required if the ballast and 
sub-ballast are kept open and not allowed to become foul. 

j. Where the sub-grade soil will hold water, special drainage facilities will be nec- 
essary. Open ditches in yard areas generally will prove to be undesirably obstructive 
and unsanitary. Therefore, the greater part of a yard drainage system will consist 
of sub-surface drains, into which surface water may be carried off the roadbed as 
quickly as possible. 

k. A yard drainage system should be as nearly as possible a permanent facility. 
There is no economy in using debatable materials and workmanship. The design, par- 
ticularly as to waterway capacities, should be made with due consideration of the 
probability of future extensions of the yard and consequently of the drainage system. 
The design should permit thorough inspection, cleaning and flushing and protection of 
inlets and outlets. 

l. In the case of the reconstruction of or additions to existing yards, the existing 
drains, although adequate for existing facilities, may be unsuitable in elevation, grade 
or capacity for the new layout; a new and independent system for the new layout will 
then be necessary. 
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m. The design of the sub-surface system should be based on the available drain- 
age outlets, building up the profile of the drains on grades and to elevations suitable for 
proper drainage; or, if this is not feasible, the deepening of the outlets must be considered. 

n. Ordinarily one or more main drains should be laid parallel with and in spaces 
between the tracks. The detailed specifications for pipe drains given in B-II.-9 above 
should be observed. 

0 . Cross-drains should be so located that all car retarders, switch layouts, signal 
facilities, towers, scales, etc. may have suitable inlets and all parts of the yard may be 
drained by catch-basins between tracks. Breaks in the track grade are danger lines, 
even where the change is slight. Water will drain from the steeper grade and collect 
at the point of change, unless catch-basins are provided there to carry it away. 

It is of advantage to lay cross drains at right angles to the tracks. Diagonal 
trenches are awkward and expensive to excavate under tracks and the drains are ex- 
pensive to maintain; a diagonal system should be used only when the proper grade 
cannot otherwise be obtained economically. 

p. On yard construction particularly it is economically important that the drainage 
system be installed where practicable before the grading and track work is begun, 

q. If the subsoil is of such a consistency as to quickly fill up a pipe drain, rock 
drains, as described in B-II.-IO above, may be installed between tracks with pipe 
drains leading off to natural drainage. 

8. Passenger Stations 

Light track grades, platforms, water cranes and ballast fouled by collected dirt and 
sweepings, all tend to make necessary special drainage at passenger stations. 

Perforated iron pipe, with catch-basins and laterals at frequent intervals, should be 
laid in trenches located between the ends of the ties and the edge of the platform; or a 
drain pipe may be laid between tracks at a sufficient depth to be below frost and move- 
ment of the soil- These drains should be connected by cross drains and ditches to 
suitable outlets. All trenches should be backfilled with a selected permeable material, 
such as dean crushed stone or washed gravel. 

9. Highway Grade Crossings 

At crossings where the railroad is on embankment, perforated corrugated iron pipes 
should be laid in a 3-foot trench excavated at the outside ends of ties on single and 
double track crossings (and also between each pair of tracks on multiple track cross- 
ings) at a depth of not less than 4 feet below bottom of ties and extending not less 
than fifty feet each way from the crossing; the pipes should be on a heavy grade not 
less than 3'% ; at the lower end of the outside pipes a bend should be used to connect 
with unperforated pipe leading down the slope to the side ditches. The trench should 
be backfilled with one-man stone capped with a layer of crushed stone or washed gravel. 

Where the railroad is in cut, the installation should be substantially the same, ex- 
cept that the depth of the pipe will be determined by the elevation of the bottom of the 
side ditches and tho trench should be filled with crushed stone or washed gravel. 

This and previous reports cover the subjects in the outline down to 

(C) Recommended Practice on Maintenance 

Much of the material in the present report is a revision of the following material in 
the 1929 Manual which it will replace: 

pp. 46, 47. Means for prevention or cure of water pockets in roadbed, Sections 
(7) and (8).. - 

pp. 47, 48. Methods of Preventing the Formation of Water Pockets under the 
Ballast when Embankments are widened and/or raised. 
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p. 48. Drainage of Roadway through Stations and Yards, 
p. 49. Drainage of Large Cuts, Paragraphs (2) and (5). 

The Committee recommends that the subject “Roadbed Drainage” be continued.-, 


Appendix C 

(3) STUDY OF THE SERVICE LIFE OF FENCE WIRE AND SPECI- 
FICATIONS FOR RAILWAY FENCE WIRE 


W. C. Pruett, Chairman, Sub-Committee; J. B. Arter, T. A. Burgess, L. C. Frohman, 
G. F. Hamilton, H. H. Harman, W. J, Lank, H. N. White, F. E. Wiesner. 


This subject in some form or other has been under consideration by the Associa- 
tion for the past several years. While your Committee, this year, has assembled some 
additional data and made some studies of tests that are under way, it is not yet 
ready to make any final recommendations. 

Some information is at hand on several tests that are being conducted on the 
service life of fence wire. An interesting one is that installed during August, 1925, by 
the Kansas City Southern in the coastal plains territory near Beaumont, Texas, where 
ordinary wire corrodes quickly from the salt atmosphere. Three grades of barbed wire 
are being used: (1) Ordinary galvanized wire, (2) extra heavy galvanized wire, and 
(3) a special galvanized wire. This test includes fence post as well as wire, and 
it was so installed as to place a part of each grade of wire under water. Tests (1) 
and (3) began to show signs of rust on the barbs above the water and on all of the 
wire under waters as early as 1928. The inspection made in July, 1932, seven years 
after installation, showed all of the three grades of wire above water as being slightly 
rusty, and all the wires under the water as very rusty; but not yet sufficient difference 
to determine the exact merits of each class. It is hoped that more information may be 
had from this test later. 

Information was received of several fence installations made many years ago that 
have clearly demonstrated more resistance to corrosion than most of the wire manu- 
factured in recent years. One example is that of some barbed wire on the Bushman 
farm near Milledgeville, 111. which was installed in 1886, and after 46 years is still in 
service. This old wire, and possibly others that are being studied, is made of pure 
wrought iron. Such a record would indicate that where structural strength is not an 
important factor, it might be advantageous to go back to the use of the older mate- 
rials and methods in making fence wire. 

Chemical analyses of some barbed wires that are not of pure wrought iron but 
which have been in service an unusual number of years, have been made for the Com- 
mittee by the laboratories of the Bethlehem Steel Company and the Inland Steel 
Company. Results of these analyses are as follows: 


Sample 1-M F.E.C. Ry. installed 1902 — 
Florida, near the coast. Condition — still 
in service, but very thin and rusted en- 
tirely through in two places 

Sample 2-M F.E.C. Ry, installed 1902— 
Florida, near the coast. Condition — ^just 
slightly better than that of sample 1~M 
Sample No. 1 M.K.T. RR. installed 1900— 
Northern Oklahoma. Condition — Com- 
pletely rusted out and replaced in 1931 
Sample No. 2 — John Atkins farm installed 
1902 — ^Near Denison in North Texas. 
Condition — Full section and good for at 
least another 10 years of service 
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The names of the manufacturers of this wire, and the kind of protective coating, 
if any, are not known, 'fhe wire from which sample No. 2 was taken is in much better 
physical condition than any of the others. But this particular wire was in a loca- 
tion where it was not subject to salt atmosphere, nor to damaging effects from 
right-of-way fires, and is several miles remote from industrial plants’ smoke and 
gases; this no doubt accounts to some extent for its present good condition. The next 
best of these four is that wire from which sample 2-M was taken. This is from the 
top strand of a fence through a salt marsh on mile 154 of the Florida East Coast Rail- 
way, where the salt atmosphere is very damaging to metal. After 30 years of service 
under this adverse condition, it is badly pitted and corroded but still retains consid- 
erable strength and the barbs are in good condition. The wire of sample 1-M is in 
such condition as to warrant replacement soon; and that of sample No. 1 has already 
been replaced. 

The Committee feels that these analyses are not sufficient in themselves for any 
definite conclusions; but they, with other information on hand, do further emphasize 
some of the findings of the U.S. Department of Agriculture in their study of the Cor- 
rosion of Fence Wire a number of years ago, and published in Farmers’ Bulletin 239. 
That part of this study which deals with electrolysis and its effect on wire, is bearing 
so closely upon the matter under investigation, that the Committee feels justified 
in quoting a part of it here; 

“There is, however, a very great variability in the way different irons rust. One 
will cover itself over with a superficial layer of oxide, which will then act as a coating 
protecting the metal for many years, while another will pit so badly that the corrosion 
eats to the heart of the metal in a short time. Samples of wrought iron cut nails that 
had been exposed to the weather for forty years were sent to the laboratory and found 
to be in as good condition as the day they were bought, while samples of steel wire 
four years old, which were originally galvanized, have been received which were pitted 
to the breaking point. The problem, therefore, is not to find a kind of iron that will 
not rust, but to determine the causes which lead to the kind of rusting which makes 
wire shortlived, whether it is furnished with a protective coating or not; and further 
than this, to see if there is not some way in which we may eventually be in a position 
to insist upon specifications for steel wire that will be reasonably resistant. 

“Wire that is hung in the field is in just the condition to suffer from electrolysis 
if the metal is not perfectly homogeneous in structure; that is to say if the manganese . 
and other impurities are not perfectly distributed throughout the metal. All rain water 
contains small amounts of salt dissolved from the dust in the air, and is therefore a 
conductor of electricity. Water collected during a thundershower is particularly rich 
in substances that conduct electricity, and the sparking of the lightning through the 
moist aiir forms small quantities of nitric acid, and acids conduct electrical currents 
even better than salt solutions. A moment’s thought will show that under the condi- 
tions cited we have all the elements present to cause electrolysis to take place. Differ- 
ences of potential will occur in the wire, local circuits will be established through the 
wires or through the wires and ground, and current will flow, Just as in the case of 
^e bell battery these currents can only be generated at the expense of something, and 
in this ca^ it is the iron if it -is not the zinc of the galvanized covering. This ex- 
planation is capable of accounting for the deep pitting observed in the corrosion of 
many wires, this pitting being characteristic of electrolytic action. It also accounts for 
the much more rapid corrosion of wire near the seashore, as the rain water in such 
locality contains more salt and thus this action is hastened.” 

Recommendations 

The Committee does not feel that they have made sufficient study to submit any 
defimte specifications at this time. This report is offered as information only, and it is 
recommended that the subject be reassigned for the succeeding year. 
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Appendix D 

(4) INVESTIGATE THE USE OF PORTABLE CRIBBING IN PLACE 
OF RIGID RETAINING WALLS AND THE UTILITY OF THE 
DIFFERENT KINDS OF CRIBBING 

A. E. Botts, Chairman, Sub- Committee; J. B. Arter, H. B. Barry, L. J. Drumeller, 
J. N. Grim, R. M. Jolley, W. A. Murray, J. A. Noble, Roscoe Owen, and W. C. 
Swartout. 

Your Committee, through its various members, has attempted to establish facts 
pertinent to the above subject and presents the following report as information with the 
recommendation that the subject be discontinued: 

Definitions 

Crib Wall. — ^A retaining wall consisting of a series of cells (cribs) formed by interlaced 
or inter-connected longitudinal and transverse members and filled with earth or 
other filling material. 

Cribbing. — ^The members constituting a crib. 

Stretcher. — ^A longitudinal member of a crib. 

Header. — ^A transverse member of a crib. 

Materials 

Cribbing is available in three materials: timber, reinforced concrete and galvanized 
sheet iron. 

Timber has been used on railroads for many years in crib walls. Generally the 
timber used has been “second-hand” and the crib wall temporary or unimportant. One 
railroad, which has its own treating plant, makes a practice of using treated cull cross- 
ties and dimension lumber for all crib work, except in cities where a better appearing 
wall is required. These timber cribs are lower in first cost than other types of cribbing 
and have a service life of twenty or more years. 

Precast Reinforced Concrete Cribbing dates back prior to 1915 and its use is 
gradually increasing. There are a number of different types of concrete cribbing on the 
market. Each manufacturer has his own design; units made by one are not inter- 
changeable with those made by another. Most manufacturers make both open and 
closed face cribbing. (See Fig. 1 to 5 for illustrations of open and closed face types of 
various manufacturers.) 

Cribbing Fabricated from Sheet Ingot Iron Galvanized has recently been placed 
on the market for both open and closed face types of crib walls. The members are com- 
posed of 16 gage metal with reinforcements of 16 to 9 gage. (See Fig. 10, which shows 
this cribbing for both open and closed face crib walls in use.) This is a new and novel 
departure in cribbing material. The manufacturers claim for it great strength, long life 
(based on experience with the same material in culverts), and cheapness. Only service 
tests will prove the qualifications of this thin metal in contact with earth. 

At the present time the principal material used for cribbing is reinforced concrete. 
The balance of this report will be restricted to a consideration of crib walls of that 
material. 

ACTUAL INSTALLATIONS 

Information as to actual installations, costs, advantages, etc., has been secured from 
engineering officers of various railroads and from the various manufacturers of cribbing. 




Fig. 1. 


There are records of walls up to 1506 ft. (DL&W Jersey City 1929, height 6 ft. 10 in. 
to 18 ft. 10 in.) in length. Some of these walls attained a maximum height of 28.5 ft. 
The usual heights are between 7 and 12 ft. 

Walls have been installed with batter varying from 1:24 to 4J4:10; in general, the 
higher the wall, the greater the batter. This appears to have been influenced in some 
cases by the space available, the batter being lessened to fit the wall into the space 
available. 

In most instances, the material retained is earth embankment with or without a 
surcharge of from 2 to 10 ft. (see Fig. 2 and 6) carrying a track whose center line is 
from 8 to 15 ft. from the face of the wall. Occasionally crib walls have been used to 
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prevent the encroachment of highway fills on railroad right-of-way or tracks. In one case 
(Fig. 7) a street was widened; the additional width is carried on a crib wall built up in 
front of an existing solid masonry wall, which is covered by earth filling in the cribs. 

Crib walls are generally founded directly on the ground with a minimum of exca- 
vation. Occasionally where the foundation conditions are particularly unstable, cribs 
have been placed on special concrete blocks placed perpendicular to the face of the wall. 



Fig. 2. 


The omission of special foundation is the principal reason why crib walls, where 
adaptable, are generally cheaper than a poured-in-place gravity wall to serve the same 
purpose. Some typical installations, with principal dimensions, cost and, where avail- 
able, estimated cost of solid wall for the same location, are listed in the following table: 

Estimated 
Cost Total Cost 
Per Monolithic 


Item 

Class 

Length 

Min. 

Height 

Max. 

Height 

Av. 

Height 

Facial 

Area 

Sq.Ft. 

Total 

Cost 

Sq.Ft. 

Face 

Area 

Wall 

For Same 
Location 

Year 

Built 

1 

Open 

W 

4'3" 

S'O" 

7.06 

678 

1288.* 

1.90 

1191.t 

1931 

2 

u 

192' 

■ 4'0" 

20'8" 

13.10 

2515 

6288. 

2.49 

ISOOO. 

1925 

3 

a , 

160' 

25'6" 

28'6" 

27.30 

4368 

12034. 

2.76 


1924 

4 

It 

434' 

5'0" 

7'4" 

6.00 

2604 

8692. 

3.33 

11458. 

1928 

5 

It 

120' 

S'O" 

24'0" 

15.00 

1800 

6768 

3.75 


1930 

6 

It 

422' 

5'0" 

IC'D" 

7.92 

3340 

8259 

2.47 

13450. 

1924 

7 

Closed 

541' 

S'O" 

7'0" 

6.25 

3380 

8571. 

2.54 


1930 


Average cost per sq. ft 2.78 


* Kstimated cost, 
t Actual cost. 


While the average cost of the crib walls reported in this table is $2.78 per sq. ft. of 
facial area, the actual costs vary considerably from this. The amount and character of 
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excavation and the height of the wall have very marked effects on the cost per sq. ft. of 
facial area. 

The estimates shown for solid walls indicate that the cost of a solid wall for a 
given location may be from 1.3 to 2.3 times the cost of a crib wall. In other cases, as 
in item “1”, the cost of a crib w^all may be greater than a solid wall. 

Failures 

Of the numerous installations of portable cribbing reported, only twm installations 
are reported as having failed. In one case (a wall built in 1922, 232 feet long, of which 
112 ft. was 12 ft. high and 120 ft. — 7 ft. 6 in. high) the upper part of the wall, 12 ft. 
high, failed in 1923. Fig. 8 and 9 show this wall when completed in 1922 and as of 
January 1, 1929. This failure was attributed to (1) weakness of design, (2) character of 
material (granulated slag and cinders) used for filling and (3) excessive pressure due to 
surcharge and character of material involved. 

Another wall, which failed on account of shallow foundation, improper backfill, and 
surcharge, had to be torn down and rebuilt. 

Advantages 

Concrete crib walls have the following advantages over monolithic concrete walls: 

1. They can be constructed in a restricted area without encroachment on adjoining 
property. 



Fig. 3. 


Roadway 


143 


2. They can be placed on foundation soils which would require piles or caissons 
under heavy mass walls. A slight settlement of foundation soil does not injure a prop- 
erly designed and erected crib wall. 

3. They provide for drainage without the use of drain pipes and sewer connections. 

4. No forms, special equipment, nor skilled labor is required in their erection. 

5. They require a minimum amount of foundation excavation; under ordinary con- 
ditions the removal of the top soil to a depth of one foot is sufficient, 

6. No foundation masonry is required. 



Fig. 4. 


7. They can be built in short sections, one or two cribs or cells at a time, the ex- 
cavation being used as fill (where suitable) in the preceding crib. This reduces to a 
minimum the amount of shoring and false work required and the consequent interfer- 
ence with traffic. 

8. These advantages collectively result in greater speed of erection and 

9. Generally lower cost. 

10. The embankment can be placed and the wall loaded immediately upon com- 
pletion. Concrete poured in place requires time for curing. 

11. Standardized precast units may be carried in stock for use in emergency. 

12. The units may be salvaged upon the removal of a wall and re-used elsewhere. 

13. A slight increase in the height of a wall may be made readily to take care of 
a minor bank widening or grade raise. 

Disadvantages 

Offsetting these advantages are certain disadvantages which tend to restrict the use 
of crib walls. These »may be stated generally as follows: 

1. The crib members are not designed to carry the direct load of a train; the top 
sections of crib wall must therefore be kept out from under the ties. For low walls this 
generally requires the use of more right-of-way than a solid wall, of which the base may 
project under the track and the top is narrower. 
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2. The lack of a firm foundation may result in settlement and lateral movement 
which, if uneven, destroys the alignment either horizontally or longitudinally or both, 
with consequent injury to the appearance and possibly to the stability of the wall. 

3. Drainage through the face might be unsightly and, if the wall is on a property 
line, may be objectionable to the adjoining owner. 

4. The small cross-section of the members makes it imperative that the concrete 
be of the most durable quality, which is difficult to obtain, and that the reinforcing steel 
be carefully placed, so as not to be too close to the surface. 


Fig. S. 


Recommendations 

XJse: Consideration of the advantages and disadvantages of concrete crib walls 
determines that there are many cases where their use is justified. Most of these cases 
will fall in one of the following classes: 

1. Temporary walls during construction, where conditions are such that the wall 
must or can be salvaged. Where a temporary wall must be left in place buried in a fill, 
cribs made of old ties will ordinarily be most economical. 

2. Walls where there is uncertainty as to their permanency, as for example, 

a. Retaining walls where additional tracks may be added in the future but where 
the necessary land has not yet been acquired. 

b. Retaining walls where the adjoining land has not been improved and where the 
character of that improvement is uncertain. For example, the a^d joining land may in 
the future be occupied by a building with a basement, in which case the railroad retain- 
ing wall, at least in some states, must be carried below the basement level; or the future 
development may be at ground level, with a retaining wall supporting only the added 
fill, or it may be at track level with no retaining wall at all required in the future. In 
such a case, the immediate solution may be to use a crib wall supporting only the fill. 
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c. Wing walls of bridge abutments along highways, where the abutments may be 
extended in the future to accommodate additional tracks. 

The use of concrete crib walls in such cases permits changes to suit future condi- 
tions to be made with a minimum loss. 

3. Walls in permanent locations on restricted right-of-way where encroachment on 
adjoining property during construction is not permissible. 

4. Walls in permanent locations on poor foundation soils, where the necessity for 
absolute stability and true alignment and grade are not such as to warrant the additional 
cost of walls with proper foundations. 

5. Walls in permanent locations where traffic must be maintained with the mini- 
mum interference and where the necessity for absolute stability and true alignment and 
grade are not such as to warrant the additional cost of falsework and foundations; these 
cases occur generally in terminal and industrial districts. 

6. Minor installations, such as where the roadbed is to be widened around switch 
stands and signal foundations. 

Wall Design 

Like all properly constructed retaining walls, crib walls should be designed to meet 
local conditions such as: 

1. The character of the foundation soil. 

2. The height and character of the bank to be retained, the height of slope and 
character of surcharged fill and the amount and distribution of surcharged concentrated 
loads. 

3. The nature of the material available for filling the cells of the crib. 

A crib wall is essentially an elastic structure and should be free to move in any 
direction to adjust itself to reasonable settlement and thrust movement without struc- 
tural failure. 

Essential features of wall design are as follows: 

1. The crib wall should be stable as a whole against overturning. 

2. The bearing area of the bottom stretchers on the ground should be sufficient. 

3. The crib should be designed so that no direct track load comes on any member; 
such loads will crush or break the headers and back stretchers in the upper sections. 

The following general specifications are recommended: 

1. The width of the crib wall at top and bottom should not be less than 4 feet. 

2. The width at the base should not be less than one-half the height. 

3. The front batter should not be less than 1 horizontal: 6 vertical. 

4. The openings between stretchers in the face should have such a relation to the 
horizontal width of the stretchers that the filling material will not spill out. 

5. Headers should be spaced not more than 6 feet center to center. 

6. The front and rear walls of the cribs should be connected together continuously. 

7. All corners should be satisfactorily anchored and braced. 

8. Free joints should extend clear through the crib wall approximately every 100 

feet. 

Unit Design 

The units should be of sufficient size and strength to resist bending, shear and Deal- 
ing in service and breakage in handling. 

Their size and weight should be such that they can be handled and placed without 
special equipment. The concrete and reinforcing steel should conform to the A.R.E.A. 
specifications for 3500 lb. unit stress concrete. All reinforcing steel should be so located 
that it will be protected by at least ^ in. of concrete, preferably 1 in. 




Fig. 7. 
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Unit Manufacture 

Durability, or the inherent quality of concrete to withstand exposure conditions, is 
a most important feature in reinforced concrete cribbing and cannot be stressed too much. 

Factors which vitally affect durability are the selection, grading and proportioning 
of the aggregates, the quality of the cement, the methods of making, and the methods 
and time of curing. 

The better knowledge of basic principles of making concrete in recent years should 
result in a trend for the better in the elimination of deterioration or disintegration. The 
producers of factory made concrete products must realize that concrete is a treacherous 
material to deal with when reputations are at stake; their interest in the best possible 
production should prompt them to eliminate all causes of trouble insofar as it is humanly 
possible to do so in the light of their best knowledge. 

In the manufacture of cribbing, particular care must be taken to secure a smooth 
dense surface finish without plastering. All edges and corners should be beveled. The 
units should be carefully cured and not shipped until the concrete has reached a unit 
strength of 3000 lb. as determined by cylinders made and cured under the same condi- 
tions as the cribbing. Loading, unloading and stacking should be carefully done to 
prevent damage. 



Backfilling 

The material used for backfilling should consist of crushed stone, gravel, or other 
approved permeable material, which contains no ingredient injurious to concrete. Clay, 
loam or fine sand should not be permitted within 2 feet of the face. 

Comparison of Different Types 

In comparing different designs of cribbing, consideration should be given to other 
things than the cost of the units, as follows: 

1. The number of units required. 

2. The size and weight of the units. 

These influence the erection cost. 

3. The quantity of concrete per square foot of facial area is a measure of the 
strength and stability of a wall. 




Fig. 10. 
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Appendix E 

(5) PHYSICAL PROPERTIES OF SOILS AND THEIR EFFECT ON 
ROADBED PERFORMANCES 

H. W. Legro, Chairman, Sub-Committee; J. B. Akers, G. H. Burnette, Paul Chipman, 

L. C. Frohman, G. E. Ladd, E. R. Lewis, Roscoe Owen, L. S. Rose, W. C. Swart- 

out, J. B. Trenholm. 

Improved design of the track structure — ^ballast, ties, rail and joints — ^has been con- 
tinuous and reasonably in pace with the demands of progressively heavier loads and 
higher speeds of railroad operation. Experience and research have added much to 
knowledge of the effects these elements of the track structure have on economical opera- 
tion and maintenance. The action of water as an enemy of track has long been recog- 
nized and drainage methods to prevent free water entering or remaining in and under 
ballast have been devised and used extensively. 

The portion of the roadbed upon which the ballast is placed, which must support 
the static load of the track and the heavy transmitted loads at impact of rolling 
equipment has, however, been studied in relatively small degree. The soil of the road- 
bed has been but broadly classified as to its observed action under railroad operation 
and climatic forces. 

As an adequate foundation of a building or a bridge is necessary to support the su- 
perstructure and other loads, of comparable importance to the track structure is the 
subgrade — its character and condition. Unless subgrade material is stable within limits 
under load and climatic conditions, its effectiveness as a foundation is known to be 
lessened with consequent impairment of the proper functions of the ballast, ties, rail 
and joints. It is a matter of practical experience that subgrade of quality or condition 
generally recognized as subnormal causes excessive maintenance expense, or if extra- 
maintenance be deferred, more rapid deterioration of track with adverse effect on riding 
qualities, train schedules and condition of rolling equipment. 

As often stated, there is a dearth of accurate knowledge of the physical character- 
istics of soils upon which may be based intelligent selection and rejection, correction of 
adverse conditions by economical means and utilization of the maximum possibilities of 
the material at hand. 

An increasing number of investigators are engaged in field observations and labora- 
tory experiments to add to the practical science of soil physics. Not to attempt a list 
of these endeavors, the works of the U.S. Bureau of Soils, the U.S. Bureau of Public 
Roads, the highway departments of several states, Massachusetts Institute of Tech- 
nology, Dr. Karl Terzaghi (Technische Hochschule, Vienna), and Prof, D. P. Krynine 
(Yale University), are notable instances. 

These contemporaneous studies are being made in various engineering fields of 
which foundations, dams and highways are representative. Any of these lines of in- 
quiry may discover some facts of basic or incidental interest in other fields. At present 
the recorded results, even in the same field, are far from co-ordinated. In the field of 
railroad subgrade studies, where many influences are unlike those of any other, inter- 
pretation of other studies must take into account the peculiar conditions. 

The Committee is undertaking a review of available data on the physical character- 
istics of soils as found in natural deposits and as disturbed from their natural position 
to form embankments and will endeavor to simplify as far as possible information on 
the behavior of various soil masses under the influences of pressure, moisture content 
and frost heaving. 
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Including this consideration of soil characteristics and proceeding to subsequent 
stages of investigation and report, the subject assigned requires development in accord- 
ance with the following outline: 

(1) * Characteristics of soils. 

(2) Functions of subgrade soils. 

(3) Test methods. 

(4) Effects of various subgrade soils on the track structure. 

(5) Roadbed requirements. 

Recommendation. 

This report is offered as information, with the recommendation that the subject be 
continued. 


Appendix F 

(6) DRAINAGE AREAS AND WATER RUN-OFF AND THE PROPER 
SIZE OF WATERWAY OPENINGS 

Jamison Vawter, Chairman, Sub- Committee; W. G. Brown, J. A. Given, Daniel Hill- 
man, G. E. Ladd, E, R. Lewis, J. C. Nickerson, J. A. Noble, C. S. Sample, Thomas 
Walker. 

In the 1930 report of the Roadway Committee on this subject (Proc., Vol. 31, 
pp. 625-640) a rather thorough discussion was made which included information and 
formulas taken from previous studies of the Committee which were published in the 
Proceedings in 1909 and 1911 (Vol. 10, part 2, pp. 967-1022 and Vol. 12, part 3, 
pp. 482-519). The Dun Table for Missouri and Kansas, with percentages applicable 
to Illinois, Oklahoma, Texas and New Mexico, is given in Vol. 10, page 977 and Vol. 12, 
page 485. Data for 447 streams in the United States are also given in Vol. 12, 
pp. 505-519. 

It is not considered desirable to take the space to reprint data which are in previ- 
ous volumes of the Proceedings and accordingly this report consists of two additional 
formulas which appear in recent publications together with additional conclusions of the 
Committee based on further study. Additional references are given to supplement those 
published in 1930. 


ADDITIONAL FORMULAS 

The Fuller Formula.^ 


^ FLOOD FLOWS by W. E. Fuller, Trans. A.S.C.E., Vol. 77 (1914), pp. 564-694. 

<2 = CA‘‘'*(l-l-0.8/og T) 

Q (max.) =0(1 + 2A--‘’-")‘ 

Q(av.) =CA‘'**) 

where Q = largest 24 hour average rate of flow to be expected in a period of T years. 
Q (max.) = maximum rate of flow to be expected under same conditions. 

Q (av.) = average yearly flood (obtained from maximum 24 hour average flood 
for each year) in cu. ft. per sec, 

C = a coefficient which is constant for the stream at the observation point. 

A = drainage area in square miles. 

The method recommended for obtaining C is by dividing the value of Q (av.) 
(obtained by observations over a number of years by An approximate value may 

be obtained from only 5 or 6 years continuous observations. 
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This formula is based largely on observations on streams on the Eastern Coast. 
It is claimed to give general satisfaction throughout the greater portion of the United 
States except the arid and semi-arid portion of the Middle and Southwest. In a dis- 
cussion of this paper by Mr. Hazen, a map is shown giving values for C for various 
parts of the United States. 

The Jarvis Formula' 


3 FLOOD FLOW CHARACTERISTICS by C. S. Jarvis, Trans. A.S.C.E., Vol. 89 (1926). 
pp. 985-1104. 

0 = 10,000 

where Q = the maximum discharge in cu. ft. per sec. 

M = drainage area in square miles. 

The above formula is a modified Myers formula. The coefficient given above is 
called the 100 per cent value and each stream is to be given a percentage rating. 

0 = 100 

being used for a stream with a rating of 1 per centw 

A valuable part of the paper by Mr. Jarvis is a table in which data are given for 
1019 stations on streams in North America and Hawaii and 44 Foreign. The table 
gives the location, maximum run-off in second-feet per sq. mile and date, expected 
peaks — both frequent and rare (not given in all cases), and percentage rating on the 
Myers scale. The stations are arranged in order of the sizes of the drainage areas, 
starting with 0.17 sq. miles and ending with 1,400,000 sq. miles for the American 
streams. 

In closing the discussion, Mr. Jarvis included a map of the United States on 
which was shown percentages on the Myers scale for various streams. 

OTHER SOURCES OF INFORMATION 

A carefully prepared bibliography was given in the 1930 report of this Committee; 
the following references may be added to the ones in that report. 

Flood Flows — ^Allen Hazen, John Wiley & Sons, 1930. 

Run-Off — Rational Run-Off Formulas — R. L. Gregory and C. E. Arnold, Pro., 

A.S.C.E., April, 1931, pp. 561-622. 

Conclusions 

Although previous reports of the Committee have contained a warning against 
the blind use of formulas, it is felt that it should be repeated here. The computation 
of run-off and waterway openings will always require the best judgment of experienced 
engineers giving attention to all information available, particularly local conditions, 
including attention to the size and behavior of other openings in the vicinity carrying 
the same or similar streams. The use of a formula in the absence of general detailed 
information is warranted when it is known to fit local conditions. 

The same formula cannot be expected to give satisfactory results for both large 
and small drainage areas. 

The Dun data, when expressed in the form of an exponential equation, have an 
exponent from about one for small areas to about one-half for large ones. It, there- 
fore, cannot be considered in the category of a single definite formula. The Dun data 
have apparently given satisfactory results for the part of the country which they cover. 
The Committee believes that data of this nature are of more value than reliance on a 
given formula. 
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For large streams, when observations cover a number of years, the Fuller formula 
should give satisfactory results for the Eastern and Western parts of the country. In 
the Middle and Southwest, the modified Myers formula as given by Jarvis should be 
more satisfactory if sufficient information is known to give the stream its proper per- 
centage rating. 

The “rational method” of computing run-off is to be recommended in the design 
of storm sewers but is of doubtful value in computing waterway openings for other 
water-sheds. It can be of little value in any drainage area which contains more than 
one storm area. 

Recommendations 

The Committee believes that tables similar to the Dun data can best be compiled 
by the separate railroad companies for their own use, making use of all experience 
gained in the territory served by them. Attempts made to obtain these data by means 
of a questionnaire sent to the various roads have not proved successful. 

The Committee recommends the report be accepted as information. 


Appendix G 

(7) METHODS OF CORRECTING SOFT SPOTS IN RAILWAY 
ROADBED WHERE IT IS IMPRACTICABLE TO STABILIZE IT 
BY DRAINAGE 

0. H. Wainscott, Chairman, Sub-Committee; W. G. Brown, T. A. Burgess, L. J. 
Drumeller, Daniel Hillman, W. F. Monahan, J. C. Nickerson, Thomas Walker, F. E. 
Wiesner. 

To avoid conflicting with the work of Sub-Committee 2 — Roadbed Drainage — this 
Sub-Committee has avoided making any mention of drainage in this report; however, 
there are certain conditions existing in roadbeds where soft spots and slides exist due 
to presence of water, but cannot be corrected by drainage due to the fact that the 
unstable material in the fill distorts the drains and fills in the voids so that the tile 
lines become blocked and inefficient, making it necessary in the end to use other 
remedies. 

Scope 

The scope of this subject is so great, covering widely different physical, climatic 
and traffic conditions, that the Committee has attempted to deal with it only in a gen- 
eral way and give cases of actual experience and practical remedies. There are certain 
general conditions which apply to all cases, but the method of treating each individual 
case differs for various railroads and also for various parts of the country. This makes 
it necessary to investigate each soft spot, water pocket or slide and analyze the sur- 
rounding conditions in order to arrive at the proper method of curing the particular 
trouble. 

Importance 

The problem of eliminating soft spots, water pockets and slides has become more 
pressing in recent years following the increase of traffic volume and speed of trains 
with heavier locomotives and equipment, and it is necessary to develop some economical 
and successful methods for the permanent cure of such conditions when the same cannot 
be corrected by drainage. 
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Causes 

Unstable roadbed conditions are found to be especially troublesome where the ma- 
terial consists of soil known as gumbo, buckshot clay, post-oak clay and red day mixed 
with quicisand; when tracks are constructed across swampy territory where there 
are a number of sinkholes or along a hillside of rock with a slope of approximately 45 
degrees overlaid with clay or other material of poor supporting power, and embank- 
ments built partially of material obtained from borrow pits and completed by hauling 
in dirt. 

Troubles in cuts may be due to narrow roadbed, steep cut slopes and unstable 
materials either in the cut or below subgrade. 

The cause of unstable roadbed can be summed up as follows: 

a. Embankment made of unstable material, 

b. Roadbed built on sloping or otherwise unsuitable surface, 

c. Embankments made during winter by use of frozen material, 

d. Construction of fills on material having insuffident bearing power to carry 
the load, 

e. Cuts made through unstable strata, 

f. Defective construction, 

g. Improper first ballast on new fill. 

Remedies 

The study of means for improving conditions caused by soft spots in railway road- 
bed shows that on a number of railways the cause has not been investigated until the 
situation became very troublesome. A remedy has then been applied where the ex- 
penditure for such remedial measures has been justified by the saving in maintenance 
expense. 

Description of treatments other than drainage which have proved successful in 
overcoming poor track conditions resulting from soft spots, water pockets and slides, 
follows: 


A. 


(1) Burning Spines 

A series of longitudinal and cross trenches were dug on the slope of a sliding bank. 
Trenches were filled with old ties, pile heads and timbers and a covering of clay was 
placed over same. Timbers were fired and smouldered for several weeks. Clay was 
added periodically to maintain the approximate plane of the original slope. A brick- 
like mass resulted which prevented further sliding of the embankment. 

(2) Rebuild Fills 

Satisfactory results have been obtained by the removal of all or a part of the un- 
stable material and the replacement of the same with material known to be of good 
quality. 


PLAN «A” 

Line the track over as close as practicable to one shoulder. Excavate as much as 
can be removed safely from the opposite side, replace with good material. Line track 
over to near the shoulder treated and repeat process on the opposite side. line the 
track to center and widen the roadbed, giving a good lift on new ballast. Excavated 
materials to be placed so as to weight the toe of the slope and fill oM borrow pits. 
Construct new ditch near the edge of the right-of-way. 
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PLAN “B” 

Divert the track, excavate about twelve feet of the central portion of the em- 
bankment to approximately the original ground level and backfill with good material. 
Restore track to its original alignment. Excavated materials to be used to flatten the 
slopes and fiU old borrow pits. Re-ballast track and construct new ditches near the 
edge of the right-of-way. 



TYPICAL SECTION 


PLAN “C'’ 

Spread the embankment with a spreader fully lowered, cut the shoulder to maxi- 
mum depth below bottom of tie. Make old base of rail new sub-grade and complete 
fill with good material. Re-ballast the track and construct new ditches near the edge 
of the right-of-way. 



TYPICAL SECTiOH 


PLAN “D” 

Construct side ditches at the outer edge of the right-of-way, then remove all the 
bad material that shows signs of squeezing out to a depth of approximately 3 feet below 
the bottom of the tie. Replace with locomotive ash. Restore track to its original 
alignment, giving a good lift and new ballast section. This scheme was tried out be- 
cause a drainage system was not practicable. 



PLAN 

Trim slopes by cutting out bulges and working material down to a flatter slope, 
using some of the material to form a sort of a berm ridge near the toe of the embank- 
ment. Good filling material was then used to widen the crown of the embankment and 
dress the slopes. 
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TYPICAL 5KTI0N 


PLAN “F” 

The original construction of the line was made by using some gumbo excavated 
from cuts. The embankment gave little trouble until the advent of heavier power. The 
track went down across this stretch of embankment and was pulled up and surfaced on 
cinders. The fills continued to settle, the gumbo squeezing out on either side of the 
fill. The gumbo was excavated along either side near the bottom of the fill and wasted 
to one side. The trench was backfilled with rock to restore the toe of the embank- 
ment and the fill was also widened. This method cured the soft track and no trouble 
nor excessive surfacing has occurred since the work was completed. 



Revetment 

Driving creosote piling or old scrap rails in sinking fills has proved effective where 
it was impracticable to get drainage — ^the piling or rails being driven on either side of 
the track and placed only a few feet apart; then tied together at the top with rods, as 
per sketch shown below. 

Instead of using timber waling pieces, some prefer to use old rails. 



TYPICAL SECTION 
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(1) Flattening Slopes 

The placing of additional material with a flat slope has prevented further sliding 
of embankment. In some instances it has been necessary to use a slope of 3 to 1 or 
more before a state of equilibrium was established. 


C. 

A fill was built partially of material hauled in from the hills during the winter in 
large frozen chunks. The pressure from traffic caused almost immediate sliding of 
embankment. For a number of years various remedies were applied to correct the 
slides, many of which aggravated the trouble rather than corrected it. The final cure 
was brought about by removing the bad material. This was accomplished by lining the 
track over to one side and then cutting out as much of the bad material as could be 
safely removed, replacing with good material; then lining the track to the opposite 
side and repeating process. To correct one of the most difficult conditions it was nec- 
essary to drive falsework, remove the bad material and re-fiU with good hill dirt, 
making slopes 3 to 1, or sufficient to establish a state of equilibrium. 


D. 

(1) Dynamiting 

A stretch of track had been constructed across a peat bog and marsh with peat side 
borrow material and sand. The material under the fill consists of surface root mat 
followed by more or less solidified peat muck, then a loose, coarse, fibrous peat sup- 
ported on marl and limestone. The track settled from three to six inches under train 
load, regaining some of the subsidence after the load had passed, due to elasticity of 
the peat. A dynamite method was used to improve the condition. This was done by 
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shooting two lines of explosives — each line about twenty>two inches from center of 
track, with the charges of each row spaced eight feet apart and staggered. The fixing 
was done in series with an electric machine. The lower strata of soft quagmire mate- 
rial immediately under the roadbed permitted the more compact and stable dry fill to 
settle into the voids thus created. The track settlement varied from thirteen to twenty- 
six inches and was raised to original grade with sand. 




E. 


(1) Retaining Walls 

Where it was not practical to obtain additional right-of-way to permit the flatten- 
ing of slopes in large cuts, retaining walls have been used to prevent further sliding of 
materials. Foundations of such walls should be carried below the moving materials into 
a stable strata. 

Temporary relief has been known to correct sliding conditions in very troublesome 
cuts by constructing pile bulkheads about 18 feet from the center of the track. 

(2) Benching 

In several cases the sliding in cuts has been satisfactorily stopped by benching and 
removing only the upper portion of the slope. 

Prevention 

(a) During the construction period effort should be made to classify and place all 
filling material. Care should be taken to see that the fill does not contain any gumbo 
or other unstable material. If for reasons of economy it is necessary to use material 
that shows signs of being unstable, the slopes should be so flattened that equilibrium 
will be maintained under ah conditions. 

(b) In locating new lines and changing present alignment, one should investigate 
the character of materials in cuttings through country where unstable materials may be 
encountered and the soil should be thoroughly investigated and the bearing capacity 
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of ground where high fills will be constructed should be determined and these factors 
should receive due consideration before final adoption of the new line. 

Conclusions 

The Committee has made its report as general as it could, but believed it neces- 
sary to give some specific remedies which have been used by various railroads for special 
cases. Officials of railroads that report having tried these remedies advise us that they 
have proved very effective and they have had no further interruption to traffic or ex- 
cessive maintenance expense since the work has been completed. The cause should be 
sought and then the cause must be removed or some new work done to prevent the 
settling or sliding banks in both fills and cuts. 


Appendix I 

(9) DESIRABLE WIDTH OF ROADBED IN CUTS AND ON FILLS 
AND DESIRABLE SLOPES OF BANKS UNDER VARYING CON- 
DITIONS OF PRESENT DAY LOADINGS 

W. M. Ray, Chairman, Sub-Committee; H. B. Barry, L. C. Frohman, J. N. Grim, H. T. 
Livingston, W. A. Murray, J. A. Noble, Roscoe Owen, E. M. Smith, H. N. White. 

This Sub-Committee has examined the Manual and the recent Proceedings of the 
Association on this subject, A questionnaire has been submitted to the railroads repre- 
sented on the Sub-Committee, and it is felt that the question of width of roadbed can- 
not be definitely determined until discrepancies in the standard ballast sections shown 
on pages 103, 104 and 105 of the Manual are eliminated. 

(I) Width of Roadbed 

It is, therefore, suggested that the Board of Direction be requested to assign to the 
Ballast Committee a reconsideration of the standard ballast sections especially with 
reference to sub-ballast, which might be considered as a top dressing of the roadbed 
section. 

(II) Slopes of Banks 

This Sub-Committee has found no railroad which takes train loads or speeds into 
consideration in establishing slopes for cuts or fills or any theory which could be applied 
to this question. Special cases of unstable sub-soil have received different treatments. 
The Missouri Pacific submits typical cross-section for stabilizing roadbed on soft ground 
showing a 24 ft. roadbed with side slopes of 5.6 on 1, which would be an extreme 
case. Generally, the matter of slopes is satisfactorily treated in the Manual. 

An editorial in a recent railroad magazine calls attention to “roadbeds that have 
developed unstable conditions after years of service during which they had been pre- 
sumed to have become thoroughly solidified. In a number of instances, indications of a 
growing instability of roadbeds have been reported to have followed the introduction 
of heavier locomotives or an increase in traffic, but it is hard to understand how this 
could represent other than a contributing influence.” These would seem to be cases 
caUng for improved maintenance or drainage rather than for a change of dimensions 
or contour of the roadbed. 
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This matter was covered by a sub-committee assignment reading: “The Effect of 
Heavier Power and Increased Tonnage upon Roadbed Previously Stable,” in Vol. 25, 
1924, page 362, the following remedies being suggested: 

(1) Strengthen the roadbed by better drainage, 

(2) Strengthen the roadbed by widening same, 

(3) Help the roadbed to function properly by better distribution of the load- 
deeper ballast, heavier rail, etc. 

The above statement has been quoted in later volumes of the Proceedings and 
seems to be a simple and comprehensive formula. 

The above is submitted as information with the recommendation that the subject 
of standard ballast sections be reassigned to the Ballast Committee. 


Appendix J 

(10) INVESTIGATE METHODS OF PROTECTING AGAINST 
DRIFTING SNOW AND METHODS OF REMOVAL OF SNOW 
ON THE LINE AND IN YARDS AND TERMINALS 

F. W. Hillman, Chairman, Sub-Committee; J. A. Given, G. F. Hamilton, Daniel Hill- 
man, R. M. Jolley, W. A. Murray, E. H. Piper, E. M. Smith, F. E. Wiesner. 

The Committee on Maintenance of Way Work Equipment has had assigned to it the 
subject “Types of Snow Melting Devices”, which precludes their consideration in this 
report as to details and merits. However, it is assumed that this Committee may sug- 
gest conditions where they are applicable. 

The subject assigned has two major divisions: Protection and removal. It will be 
divided into these two general headings. 

PROTECTION AGAINST SNOW 
Removal of Obstructions 

Brush, trees, buildings and other obstacles which cause snow to drift onto tracks 
should be removed where practical and expense warrants. Consideration should be 
given to widening cuts so as to form space away from track into which snow will col- 
lect, and to flattening slopes of cuts which will in many instances permit the snow to 
pass over the track or cause only a small cover. Sometimes shallow cuts may be elim- 
inated by raising track. 

Obstruction to be Placed 

Fixed Types. — ^Trees and shrubs properly selected as to adaptability to climate and 
properly planted afford an effective protection in some localities against drifting snow. 
The New York Central reports success on their eastern district with Norway spruce, 
some planted when two or three feet high and others when only seedlings. 

The Western Lines of the Canadian Pacific Railway spent considerable money ex- 
perimenting with the growing of trees in the prairie sections for permanent fences, but 
with no success. However, the Eastern Lines of the same railway have had success and 
their instructions for tree planting for snow fences follow: 

Kind of Trees to be Used and Method of Planting 

Scotch pine and spruce 12 to 16 inches high will generally be supplied for this 
work. Trees should be planted in two rows 4 ft. apart and staggered, the Scotch pine 
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is to be planted in the back row and the spruce in the front row. Planting should 
commence in the Spring as soon as frost is entirely out of the ground and can be con- 
tinued for about four weeks. In the Fall planting may start about the first of Sep- 
tember and can be continued until heavy frost comes. 

A strip of ground at a distance from the track to be decided by the local officers 
10 to 12 ft. wide should be thoroughly ploughed and harrowed for the total length of 
snowbreak as early in the season as possible preceding the planting of the trees. This 
allow for fire protection as well as for planting. Trees of the same size should be 
planted together. Young trees are delivered to the line packed in damp earth in cars 
or in boxes and great care should be taken to see that the roots are not exposed to the 
atmosphere until the trees are actually going into the ground and even then to the 
least possible extent. Wet sacking should be used to cover trees when moving same. 

If the fine roots are allowed to dry up the trees will in the majority of cases die. 
To replace individual trees which, notwithstanding the utmost care, die after plant- 
ing, an extra quantity of trees will be delivered over and above present requirements. 
These additional trees should be very carefully planted two feet apart in any suitable 
cultivated location. Later, when needed, trees can be carefully transplanted along with 
earth surrounding roots. 


Cultivation 

The first year after planting, the 12 ft. width above-mentioned should be kept 
cultivated to a depth of about three inches, using where possible a horse cultivator and 
handling the balance, that is, close to and around the trees, with a hand hoe. Care 
should be taken to see that grass, herbage, roots or rubbish are not allowed to collect 
around the base of the young trees, as this tends to kill the lower branches. 

Preservation 

In the maintenance of trees planted for snow-breaks, replacements will from time 
to time be necessary due to improper planting, poor soil conditions, lack of cultivation, 
etc. Dead trees should be removed as soon as this condition is apparent, so that they 
will not interfere with the growth of their neighbors, and should be replaced with new 
trees. In certain locations trees are liable to be attacked by disease, moths, etc. They 
should be carefully watched for attack in this connection, and as soon as there is the 
slightest indication of such attack the matter should be reported to the General Tie 
Agent. He will immediately arrange for inspection and application of the necessary 
remedy. 


Pruning 

The height to which the trees will be permitted to grow shall be determined by the 
local officers and will depend on prevailing conditions with regard to depth of cut to be 
protected, number of tracks involved, width of right-of-way, etc., but in no case 
should the trees be permitted to have an ultimate height of more than ten feet. Prun- 
ing should be done between June 1st and June 15th with a sharp knife and the cut 
should be made at an angle to, and not square across, the tree. To permit of the 
proper close growth of the trees, up to the height required, it is necessary that growth 
be retarded before trees reach that height, and pruning should therefore start when the 
tr^ reach a h^ht of two feet below the final height desired. For example, if a fence 
with a final height of eight feet is required, pruning should start when the growth has 
reached a height of six feet. When this point has been reached, the growth of that 
year on the main stem only, which is easily apparent on account of its lighter color, 
should be pruned off. This will have the effect of increasing the growth of the top 
branches, which will spread out and grow up to form new tops to the trees. When 
these branches have reached the final height required for the hedge they should be kept 
pruned off annually, as noted above for the main stem. Pruning has the effect of 
acceleratmg the growth of the lower branches. The practice outlined if properly fol- 
lowed will force the development of the trees into a hedge resulting eventually in a 
compact and solid snowbreak. 

The Chicago, Burlington & Quincy Railroad started in 1928 a project to determine 
whether snow-fence protection can be secured adequately and economically through the 
use of trees. A definite program was undertaken for the proper preparation of the 
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soil, the planting of the trees and their subsequent care. Plantings were made in 
Nebraska, Colorado and Wyoming. The results have been gratifying. A detailed ac- 
count is contained in Railway Engineering and Maintenance of July, 1931. 

Built Fence 

Snow fences of the fixed types are set on the right-of-way frequently acting as 
right-of-way fence. The most generally used type is the wood fence with horizontal 
board as shown in A.R.E.A. Manual. Of late, however, much use is being made of 
wooden or steel slat and wire fencing placed on steel or wood posts. Old ties placed 
on end or as a worm fence are effective, but in a short time rot out and become un- 
sightly. Old box-car doors placed on right-of-way fence posts make an effective snow 
fence and are cheap where storms are not too severe, but where necessary to resist high 
winds are quite costly on account of additional supports required. Wooden fences re- 
quire considerable maintenance and are easily damaged by fire and in many places are 
lost by theft. A suggested type consists of 11-ft. treated posts with eight-inch corru- 
gated steel sheets, 18 gage, 14 ft. long. Posts are spaced to make two panels for each 
14-ft. board allowing for overlap. In extreme cases and where snow slides are frequent 
snow sheds may have to be used. 

Portable Types. — ^The type shown in the A.R,E.A. Manual is frequently used 
although in many instances is being replaced with the slat and wire type placed on steel 
posts, which were necessary to resist heavy winds, is guyed with wire to bolts or wood 
stakes driven into the groqnd. This slat and wire fence can be quickly erected and 
moved. Also if long steel posts are used the fence can be raised if desired when snow 
has piled up. There are metal portable fences, but so far as known have not been in 
use long enough to determine if their life justifies first cost. Sometimes snow can be 
thrown up by hand into banks or ridges back of fixed or portable fences in emergency 
with good results. 

Locating Obstructions 

No definite rule can be stated for locating snow fences with respect to points they 
are to protect. The topography for some distance away from track has such a bearing 
on action of storms that it cannot be said that aH similar points can be adequately 
protected with the same typ^e of fence set the same distance out. Then, too, storms 
differ so much in their intensity and action from year to year that it is uneconomical 
to build a fixed fence that will afford protection against the severest storms. It is 
more economical to construct a fixed, or first-line defense’ fence where experience dic- 
tates to care for the average storm and place portable fences of a type which can be 
quickly erected for a second or third line defense as occasion requires. 

The following is submitted as a general -rule for use of snow fences: 

The location a’t which fixed snow fences are to be built, the length of such fences 
and their distance from center of track shall be determined from a study of action 
and effects of storms. Fixed snow fences should be constructed on the right-of-way or 
incorporated as a part of the right-of-way fence. Types of fence to be such as mil 
protect against average storm. Roadmasters’ districts to be provided with sufficient 
portable fence which can be easily and quickly transported and erected, to be placed 
back of fixed fences for a second or third line defense or at locations where fixed fences 
cannot be properly erected, as severity and frequency of storms demand, a requirement 
which may vary in amount and location from year to year. 

A 
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SNOW REMOVAL 

On Line 

Removal on the line suggests first the flanger for snow ten inches deep or less, 
then the wedge or push plow placed on pilot of locomotive for occasional light drifts 
of up to two feet above rail, then the larger wedge or push plow placed on loaded 
ballast or gondola cars. Great care must be exercised in use of these to provide some 
means of preventing cutting edge being forced down on top of rail by weight of snow 
and catching in frogs, switches and crossing planks. This can be prevented by a narrow 
casting placed under plow near cutting edge so as to ride on rail and keep plow up. 
This may inject complications if used in yards where self-guarded frogs are used. 
There is a plow on the market which is extensively used which appears to have over- 
come this difficulty. Ditchers with front incased plow shape for eight or ten feet above 
rail make excellent snow movers. Where the snow is not too deep the spreader wings 
can be used to good advantage to move the snow farther from the track after the 
first opening through the drift has been made. The rotary must be used for the deeper 
drifts. However, attempts to use them in shallow drifts not deep enough for reason- 
ably full contact of wheel may cause wheel to race too much under light load and 
damage machine. Some railroads, particularly in Canada, have a complete line of 
specially designed plows to meet varying conditions. No general rule seems applicable 
for use of these machines, as much depends on whether snow is wet or dry. 

When operating flangers, rotary plows, etc., over the line the problem of keeping 
ice and snow out of guard rails, frogs and switches is inyDortant, particularly where 
located so as to be difficult for sectionmen to get to them in severe storms. One rail- 
way reports overcoming this difficulty by carrying cans of carbide on plows and at 
such places put carbide on the ice to be removed, within a minute or two the carbide 
gets sufficient moisture to form gas which is ignited, heat generated and ice melted. 

In Yards or Terminals 

The method for removal of snow in yards and terminals and at stations depends 
,upon physical layout, density of traffic and amount of snow. If snow is not very deep 
possibly it is best not to remove it from tracks, except to majke flangeway by hand 
shovelling, or with flangers if traffic will permit, and cleaning out of switches by hand 
or snaw melters. The use of the latter requires good drainage to carry away melted 
snow or it may freeze and cause mpre trouble than the snow, or heat must be great 
enough to evaporate water. Frequently switch engines are equipped with a perforated 
pipe laid across track under pilot and steam blown through it to clean away snow. If 
traffic -is not too dense this may be successful, but in dense traffic districts another 
engine added is often a nuisance. Then, too, if not judicially used it may be simply a 
case of blowing snow back over places already clean. Casing Head gasoline and Hydro- 
carbon sprinkled over snow and ignited is also used. 

In clearing yard tracks it is well to first pull cars off of four tracks, run a plow 
dOjWn one track and fpllowing with spreader push snow clear of adjacent tracks, then 
run dqwn them with spreader and repeat operation until snow is piled too high for 
further spreading. Then start on other side of pile and repeat. In some instances 
where snpw is not too heavy and yard not wide snow has, by this method, been 
pushed clear across yard and picking up avoided. However, this cannot always be 
done apd piles of snow must be left to melt or loaded onto cars either by hand or 
crane with excavating bucket. In extremely heavy snow rotary plow may have to be 
used to open up tracks. 
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In cleaning snow off station platforms where snow fall is light, hand method is 
probably the cheapest. Throwing snow onto tracks should be prohibited as passing 
trains may throw snow over waiting passengers on platforms, particularly so in sub- 
urban district stations where trains do not stop and run through at high speed. Use 
should be made of baggage trucks on which to load and carry away snow. Small 
wooden hand push plows are effective. Where snow is heavy large horse-drawn scrapers 
are effective. 

At team yards the use of plows on front of auto trucks or tractors is very effective. 
Snow can be pushed to center or side of drive and left to melt, or loaded into trucks 
or cars by hand or excavating machinery. 

General 

It is very desirable to keep ahead of storms and not let lines become blocked if 
reasonably possible. To get best results in keeping the line open during snow storms 
it is essential that snow plows be started from terminals before the storm actually 
breaks and in severe storms additional plows despatched at such intervals as will pre- 
clude the formation of snow banks that cannot be moved with plows. Prompt clear- 
ance of cuts before further snow or wind storms is quite necessary as it is succeeding 
storms which generally cause real trouble. Consideration should be given during severe 
storms to holding trains in terminals and stations and possibly the abandonment of 
trains and yard switching until storm abates and line is opened. Meteorological reports 
should be made available for division of&cers and/or general officers should keep local 
officers informed of the progress of approaching storms. 

All of this must be done with orderliness and forethought. In the Fall a general 
program should be formulated for stationing snow fighting equipment at vantage 
points, outlining a general supervisory plan, and methods by which men can be secured, 
fed and relieved. 

This report is presented as information with recommendation that the subject be 
reassigned for an opportunity to enlarge on the information and revise information 
contained in the Manual. 


Appendix K 

(12) SPECIFICATIONS FOR PIPE LINE CROSSINGS UNDER 
RAILWAY TRACKS 

P. T. Simons, Chairman, Sub-Committee; J. B. Akers, C. W. Baldridge, G. H. Bur- 
nette, J. A. Given, H. H. Harman, W. J. Lank, E. H. Piper, J. B. Trenholm, 

H. N. White. 

Pipe lines included under these specifications are those installed to carry oil, gas, 
gasoline or other inflammable or highly volatile substance, under pressure, or any sub- 
stance which from its nature or pressure might cause damage if escaping on or in 
vicinity of railway property. Gas transmission and distribution lines in city streets, 
carrying less than 45 -lb. pressure, are not to be considered as coming under these 
specifications. 

I. Pipe lines under railway track and right-of-way shall be encased in a larger 
pipe or conduit installed as indicated in figure below: 
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The casing pipe or conduit is the essential feature of the plan. Some of the other 
features as described in following paragraphs are optional in certain cases. 

2. Carrier line pipe inside of casing under railway track and right-of-way shall 
be of good construction (usually the same as either side of railway) of steel, wrought 
iron, cast iron, pure or alloyed iron; and shall be either seamless or substantially 
welded pipe; with welded, coupling, or other “approved” joints. Pipe shall be laid 
with slack (no tension) in the line or with expansion joint near point of railway 
crossing. 



NOTE I Seal and vent pipe not required if casinq ends 
above qround where drainage is available. 

Valve, wheKc required, at accessible location between 200ft. 


and 500ft. from Kailway right-of-way line. 

Casinq to extend beyond limit of railway riqht-of-way. 
Sign to indicate location of pipe line at right-of-way 
line is “optional "with Railway. 


3. Casing pipe and joints may be of any approved conduit construction and shall 
be capable of withstanding load of railway roadbed, track and traffic; also shall be so 
constructed as to prevent leakage of any matter from the casing or conduit throughout 
its length under track and railway right-of-way except at ends of casing or conduit 
where ends are left open, or through vent pipes when ends are sealed to outside of 
carrier pipe. 

Casing shah be installed with even bearing throughout its length and shall slope 
to one end. 

Inside dimeter of casing shall be at least 2 inches greater than largest diameter of 
earner p^, jaints or couplings. 


4. Where ends of casing are below ground they shall be suitably sealed to outside 
of earner pipe and properly vented above ground with vent pipes not less than 2 
m <^eter and extending not less than 4 feet above ground surface. Vent pipe 
at low end of casing shall be connected with bottom of casing and vent at high end 
shall be connected with top of casing. Top of vent pipe shall be fitted with down 
turned elbow properly screened. 
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Where ends of casing are at or above ground surface and above high water level 
they may be left open, provided drainage is afforded in such manner that leakage will 
be conducted away from railway tracks or structures. Where proper drainage is not 
provided, end of casing shall be sealed. 

5. Where practicable the depth from .base of railway rail to top of casing at its 
closest point shall be not less than 4j4 feet and on other portions of railway right-of-way 
where casing is not directly beneath any track the depth from surface of right-of-way 
and from bottom of ditches to top of casing shall be not less than 3 feet. Where it is 
not practicable to secure the above depths, special construction shall be used. 

6. Casing shall extend across railway right-of-way and at least 45 feet each side 
from (measured at right angles to)- center line of any track nearest end of casing. 

7. Where local conditions warrant, suitable shut-off valves and/or telephone 
shall be provided in pipe company’s lines at conveniently accessible locations between 
200 feet and 500 feet outside of railway right-of-way lines. 

8. Pipe lines shall, where practicable, be located to cross tracks at approximately 
right angles thereto and shall not be closer than 45 feet to any portion of any railway 
bridge, building or other important structure which might be injured by leakage from 
or failure of the pipe line. 

Pipe lines, casing pipe and vent pipes shall be at least 4 feet (vertically) from 
aerial electric wires and shall be suitably insulated from underground conduits carrying 
electric wires on railway right-of-way. 

9. Crossings under railway tracks of pipe lines carrying extremely volatile or 
highly inflammable material such as gasoline shall, where practicable, be located near 
the summit of the topography where the ground surface slopes downward away from 
the railway in at least two directions. 

10. Plans for a proposed crossing shall be submitted to and meet the approval 
of the Chief Engineer of the railway before installation is begun and the execution of 
the work on railway right-of-way, including the supporting of the track, shall be 
subject to his inspection and direction. 

Recommendation 

It is recommended that this report be adopted for inclusion in the Manual. 
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To the American Railway Engineering Association: 

Your Committee on Yards and Terminals respectfully presents reports covering the 
following subjects: 

(1) Revision of Manual (Appendix A). It is recommended that revisions or addi- 
tions relating to (a) hump yards with retarders and (b) test weight cars be approved 
for publication in the Manual. 

(2) Produce Terminals (Appendix B). It is recommended that the 40 items listed 
in the report be approved for publication in the Manual, and the condensed summary of 
replies to questionnaire be received as information. 

(6) Hump Yards (Appendix C). It is recommended that the report be received 
as information. 

(8) Location and design of air-ports in co-ordination with railway facilities (Ap- 
pendix D). It is recommended that the report be received as information. 

(9) Scales used in railway service: Rules for Maintenance and Transportation of 
Track Scale Test Weight Cars, and Definition of a Standard Test of a Railway Track 
Scale (Appendix E) . It is recommended that the report be received as information. 

(10) Bibliography on subjects pertaining to yards and terminals (Appendix F). It 
is recommended that the data be received as information* 

Progress is reported on subjects (3) Effect of motor coach and truck service on de- 
sign of way and terminal station facilities; (4) Provisions for parking and garage facil- 
ities for private automobiles of railway passengers at passenger terminals and way sta- 
tions; (S) Grain elevator storage yards and plant tracks; (7) Co-ordination of facilities 
at rail and water terminals. 

Respectfully submitted. 

The Committee on Yards and Terminals, 

H. L. Ripley, Chairman, 


Bulletin 350, October, 1932. 
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Appendix A 

(1) REVISION OF MANUAL 


H. L. Ripley, Chairman, Sub- Committee; M. J. J. Harrison, yice-Chmrimn;J. E. Arm- 
strong, H. M. Bassett, E. J, Beugler, E. H. Fritch, W. H. Giles, G. F. Hand, E. M. 
Hastings, E. T. Johnston, C. U. Smith and E. E. R. Tratman. 


HUMP YARD WITH RETARDERS 

Many factors local to each situation affect efficient operation of a retarder yard so 
that each terminal must be studied independently to produce a proper design. 

The following formulae may be used in designing retarder hump yard gradients run- 
ning from the crest of the hump to the lower end of the classification yard. The results 
are expressed in terms of the required vertical drop. 

A = Total drop in feet from the crest of the hump to the clearance point of any 
track in the classification yard (Distance D + Vt) = not less than DZ-j- 
DiZi-l-AC. 

B = Drop in feet from leaving end of last retarder in any group to clearance 
point of any track in the group (Distance Di) = Dt F-f-Ai Ci-{- a b. 

A minus B = Drop in feet from crest of hump to leaving end of last retarder. 

In which 

C = Curve resistance of hard rolling cars under adverse conditions expressed in 
feet drop per degree of central angle. 

Ci= Curve resistance of easy rolling cars under favorable conditions expressed in 
feet drop per degree of central angle. 

P = Distance along the track from crest of hump to leaving end of last retarder. 

Di= Distance along the track from leaving end of last retarder to clearance point 
of any track in the group. 

A r= Total curvature in degrees of central angle in distance D -j- Dj. 

Ai= Total curvature in degrees of central angle in distance Di. 

Z = Per cent gradient equivalent to the average resistance of hard rolling cars 
under adverse conditions in distance D. 

Zi=Per cent gradient equivalent to the average resistance of hard rolling cars 
under adverse conditions in distance Du 

Y = Per cent gradient equivalent to the average resistance beyond the last re- 
tarder, under favorable conditions, (summer weather, assisting wind, etc.) 
of the heavy easy rolling cars normally handled. 

a = Switch resistance in distance Du 

b = Allowance in feet drop for accelerative increment over and above all other 
resistances in distance Du 

If the layout requires four points of retardation in each route, or if the distance 
from the crest of the hump to the last retarder is unusually long, it may be necessary to 
divide the distance D into two parts each with its own rate of maximum resistance, 
modifying Formula A accordingly. 

Distance Dt extends from the leaving end of the last retarder in any group to the 
straight portion of the classification tracks, or as much farther as is necessary to reach 
the most distant clearance point in that group. This clearance point in the yard is that 
which it is intended all cars shall reach before stalling under adverse conditions. 

If it is desired to deliver the hard rolling cars (empties) under adverse conditions to 
a point still farther down in the classification yard, it will be necessary to add to Formula 
A the amount D^ Za representing respectively the additional distance from the clearance 
point to such farther point and the gradient equivalent to the average resistance of hard 
rolling cars under adverse conditions over distance Da (Zj could be expected to be smaller 
in amount than Zi) . 



Yards and Terminals 


169 


An illustration of the quantities to be substituted for the different symbols, and a 
typical example of their application, are shown on pp. 130 to 133, Vol. 33, Proceedings. 

TEST WEIGHT CARS 

Paragraphs 2 and 3 of Section VI — ^Test Weight Cars, of “Rules for the Location, 
Maintenance, Operation and Testing of Railway Track Scales” (pages 1032 and 1033, 
1929 Manual), read as follows: 

2. Test weight cars should have the following characteristics: 

(a) All-metal construction. 

(b) Length of wheel-base not to exceed 7 feet. 

(c) Load distributed uniformly on wheels. 

(d) No unnecessary ledges or projections likely to catch or hold dirt. 

(e) No unnecessary parts. 

(f) Strength and durability, so that frequent repairs will not be necessary. 

(g) Surface area reduced as much as possible, to limit wind pressure. 

(h) Accessibility of all parts for inspection. 

(i) Roller or ball bearings of proper design, preferably the former. 

3. Test weight cars should preferably be of the self-contained type with solid body 
in which a small space is provided for a limited number of test weights. When it is im- 
practicable to provide a self-contained car, a compartment car, with body of structural 
and plate steel, at least one-half of the weight of which consists of test weights carried 
in the compartments, may be found to be serviceable. 

It is proposed to delete this material from the Manual, renumber the Section as 
“VH”, renumber paragraphs 4 to 11, inclusive, as, respectively, paragraphs 2 to 9, inclu- 
sive, and insert as new Section VI the following material. This material was submitted 
as information as a part of this Committee’s report to the 1932 Convention, and appears 
here without change. 


SPECIFICATIONS FOR RAILWAY TRACK SCALE TEST WEIGHT CARS 

1. Definition 

A railway track scale test weight car is a car used for determining the weighing per- 
formance of railway track scales, and as an accessory in determining their mechanical 
condition. Such cars are essentially standard test weights and must be given the con- 
sideration becoming to formal standards of mass. 

2. Classification 

According to the body design, test weight cars are classified into two types. The 
first named is the preferred type. 

(a) Self-Contained Type. — ^The self-contained type of test weight car has a body 
made up of either one or two castings, with space provided to contain a small number 
of fifty-pound standard test weights. 

(b) Compartment Type. — ^The compartment type of test weight car has a body 
either of castings or built up of steel shapes and heavy plates with space for standard 
test weights of fifty or one hundred pounds each to a value at least equal to the weight 

• of the empty car. 
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3. Primary Requirements 

(a) Weight.— -The nominal weight of any test weight car shall be some integral 
multiple of 10,000 pounds. 

(1) Minimum Weight.— A car used for track scale testing purposes must not 
weigh less than 30,000 pounds. 

(2) Maximum Weight.— The weight of a track scale test weight car should be 
as great as conditions of roadbed, bridge restrictions, and other essentials of safe 
transportation and use permit. (Cars weighing 80,000 pounds comprise a majority 
in use. The tendency is toward heavier cars. Some are in use that weigh 100,000 
pounds. Certain useful and recommended testing practices require a light car and 
a heavy car in combination. For these purposes it is preferable that the weight of 
the heavy car be a simple multiple of the weight of the light car.) 

(b) Design Characteristics.— The following features of design are required of 
satisfactory track scale test weight cars: 

(1) All-metal construction. 

(2) Two-axle construction, with wheelbase not to exceed seven feet. 

(3) Load uniformly distributed on wheels. 

(4) No air-operated brakes (see Section 6, paragraph e, herein) . 

(5) Roller, or other form of anti-friction journal bearings. 

(6) No unnecessary equipment. 

(7) A minimum of ledges, cavities or projections that will hold dirt, water, or 
other foreign matter. 

(8) Minimum surface area. 

(9) Smooth and sloped top to insure drainage. 

(10) Accessibility of all parts for inspection. 

(11) Ruggedness and durability in order to minimize repairs. 

4. Body Features 

(a) Castings. — ^Body castings shall be of gray cast iron or semi-steel and must be 
smooth, uniform, and free from blowholes, blisters and shrinkage cracks. Fins and burrs 
must be removed. Castings must be cleaned by sand blasting or other equally effective 
methods. Adequate allowance must be made for finish on parts that require machining. 

(b) Distribution of Body Weight. — ^The design and construction shall be such 
that the body weight is symmetrically distributed about either side of vertical planes 
throu^ the longitudinal and transverse center lines.’ The center of gravity shall be as 
low as practicable and in any event low enough tO insure safe transportation at usual 
operating speeds. 

(c) Body Shape. — ^The sides and ends of test car bodies shall be vertical. The top 
shall be symmetrical about the longitudinal center line and, exclusive of runways, shall 
have a slope of approximately 1 to 5.5. Necessary pockets and recesses shall, in so far 
as possible, be made self-cleaning. The design must provide reasonably easy accessibility 
of every part of the body for hand cleaning by brush or air nozzle, 

(d) Size. — ^The size of the body shall be such that the overall dimensions of the car 
will come within the clearance diagram of the owner road within the margins required by 
formal regulations for safety, and not exceed existing A. R. A. Clearances. 

(e) Tool, Supercargo and Weight Compartments.— Each test car shall be pro- 
vided with a tool and supercargo compartment which shall run transversely through the 
body of the car. 
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(1) Method of Closing. — ^A!l compartments shall be closed with doors dust and 
water tight. Doors shall be freely hinged and shall not be too heavy for one man 
to lift or swing. 

(2) Locks. — Compartment doors shall be provided with means for locking with 
padlock, combination lock or other equally effective device. 

(3) Drainage. — ^Means for drainage of accumulated moisture quickly and 
completely from all compartments shall be provided. 

5. Running Gear 

(a) Wheels and Axles. — ^Wheels and axles shall be of forged steel and shall con- 
form to A. R. A. rules for strength, quality and workmanship. Wheels shall be 36 inches 
in diameter. 

(b) Journal Bearings. — ^Test cars shall be equipped with roller or ball bearings of 
an approved type designed for oil lubrication. Boxes shall be constructed to prevent loss 
of oil at all running speeds. The design shall permit easy examination of bearings and 
renewal of lubricant. Means for draining oil from each box shall be provided. Bear- 
ings must be constructed to take lateral thrust. In all respects the type of bearing must 
meet A. R. A. standards for performance and safety. 

(c) Pedestals. — ^The bearing boxes shall fit between pedestal Jaw castings rigidly 
attached to the car body. Renewable steel wearing plates shall be provided. 

(d) Springs. — Semi-elliptical springs of adequate design, and suitable means to pro- 
tect same against corrosion, shall be provided. 

(e) Stabelity of Movement. — ^The design of the running gear in combination with 
the body must provide against the possibility of derailment due to spring failure, or due 
to galloping, side or diagonal sway on any track passable for running or switching pur- 
poses at the usual speeds of freight movement. Spring stops are recommended. Bottoms 
of journal boxes in nominal position shall have not less than 1^4 in. clearance over 
pedestal tie bars or caps. 

6. Brake Gear 

(a) Hand Brazes. — ^Test cars shall be equipped with an efficient hand brake con- 
forming to A. R. A. standards. 

(b) Air Line. — ^Test cars shall be equipped with an in. through, self-draining 
air line, standard angle cocks and hose connections. 

(c) Braze Beai^. — ^Brake beams shall be A, R. A. standard. 

(d) Braze Shoes. — ^Brake shoes shall conform to A. R. A. standard and shall be 
painted red, or some other distinctive color which shall be specified by the owner road. 

(e) Air Brazes. — ^Air brakes are considered detrimental to the maintenance of 
accuracy of weight. When operating rules of the owner road require, they may be 
installed. 

7. Draft Gear 

Draft gear shall be of the friction type, conforming to A. R. A. standards and 
specifications. 

8. Couplers 

(a) Type. — Couplers shall be A. R. A. standardr— bottom operated. 

(b) Striking Plates. — ^Removable striking plates shall be securely fastened to the 
car body back of the coupler horn, deagned to take coupling shocks in the event of 
failure of the draft gear. 
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(c) Painting. — Couplers, lifting mechanism and knuckles shall be painted red or 
some other distinctive color which shall be specified by the owner road. 

9. Safety Devices 

Safety appliances must conform to I.C.C. requirements. 

10. Fittings 

(a) Standard. — ^Fittings such as flag brackets, lamp sockets, etc., shall be installed 
as required by formal regulations. 

(b) Repair Warning. — metal plate shall be securely fastened to each side of the 
car, or where it is conspicuously visible from both sides of the car, bearing the following 
legend in 1-in. letters— “Do not oil boxes or make repairs to this car unless directed by 
scale inspector.” 

(c) Carding Plate. — small plate or fixture shall be attached to each side of the 
car to permit the fastening or holding of routing tags or cards. 

11. Painting 

(a) Filler.— After sand blasting, the surface shall be further prepared for painting 
by application of a suitable metal primer and filler such as commonly used for machine 
tools, locomotives and tanks. 

(b) Paint and Finish, except as otherwise specified herein, shall be as specified by 
the owner. 

12. Stenciling 

(a) Weight Legend. — The designed weight shall be conspicuously stenciled on each 
side of the car. 

(b) Warning Legend. — ^The following warning shall be stenciled on each side of 
the car in letters at least 3 in. high — ^“Haul on rear end of Train”. 

(c) Standard. — Other stenciling shall be as required by the owner. 

13. Supercargo Identification 

Car movers, tool boxes, clothing containers and all items of supercargo furnished 
with the car are not part of the car weight and shall be conspicuously marked by paint- 
ing, badge or otherwise to furnish easy and positive identification as parts not included 
in the nominal weight of the car. 

14. Compartment Cars 

(a) Types Prohibited. — 

(1) Split Body. — Compartment cars consisting essentially of two compartments 
longitudinally divided by a runway on the car center line at floor level are un- 
satisfactory. 

(2) Scrap Metal, Billet or Other Lading. — Compartment cars loaded with 
bfllets, scrap metal, concrete, or any other material except standard test weights of 
known value, are unsatisfactory. 

(b) Lading to be Fixed. — Means shall be provided to prevent shifting of the lading 
of compartment cars. This may be accomplished by means of pockets, grooves, wedg- 
ing, or otherwise. The possibility of damage to lading or car due to shocks of handling 
must be positively and permanently eliminated. 
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Appendix B 

(2) PRODUCE TERMINALS 

E. T. Johnston, Chairman, Sub-Committee; H. L. Ripley, M. J* J. Harrison, R. A. 
Black, W. O. Boessneck, W. F. Cummings, L. L. Lyford, C. P. McCausland, W. C. 
Sadler, C. U. Smith, H. M. Waite, A. P. Wenzell. 

The report presented at last year’s convention, appearing in Vol. 33, pages 116 to 125 
inclusive, has been reviewed and the following material is submitted with the recom- 
mendation that it be adopted for inclusion in the Manual. 

A condensed summary of data obtained from a questionnaire circulated in 1931 is 
submitted as information. 


PRODUCE TERMINALS 

General Type 

(1) Produce terminals are designed for expeditious and economical delivery of 
fruits, melons, vegetables, and sometimes butter, eggs and live poultry. 

(2) Terminals should be located and designed to handle peak business. 

(3) A union terminal serving the entire trade of a community is preferable. 

(4) The location must be convenient for dealers with easy access over wide and 
well improved highways and easy gradients. It should have convenient railroad con- 
nections. A location adjoining a railroad terminal yard is advantageous. 

(5) A produce terminal usually includes a team yard and buildings for display, 
sale and storage of produce. Any or all of the following facilities may be required: 


a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j- 

k. 

l . 

m. 

n. 

o. 
P- 

q* 

r. 

s. 

t. 

u. 

V. 


Receiving yard 
Inspection and hold yard 
Team yard 

Buildings divided into separate stores 
Buildings for display and private sale 
Buildings for display and auction 
Auction rooms 
Office, restaurant, etc. 

Cold storage warehouse 
Icing facilities 
Bulk delivery platforms 
Inspection platforms 
Live poultry platforms 
Ripening facilities 
Reconditioning facilities 
Auto truck scales 
Incinerator 
Farmers’ market 

A track system serving the yards and buildings 
A system of driveways for truck movements 
Communication service 
Fire protection facilities 


Buildings 

(6) Ample floor space should be provided for mechanical handling from cars to 
warehouse floor, display of produce and assembly of various lots for delivery to trucks. 

(7) Column spacing should be given careful study and be as wide as possible, 
consistent with economic design. 
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(8) Back-up space for trucks should bo as liberal as possible. 

(9) Canopies should be provided to protect produce while unloading from cars and 
delivering to trucks. 

(10) Ample provision must be made for natural and artificial lighting. 

(11) The roof, walls and floor should be properly insulated to help control tem- 
peratures. 

(12) Special attention should be given to the floor material on account of the con- 
tinued trucking and the commodities handled. 

(13) Proper drainage must be provided to insure sanitary conditions. 

(14) Special features should be considered, such as heating, refrigeration, air-con- 
ditioning, ripening rooms and special requirements of the dealers. 

(15) Space must be provided for cooperage. 

(16) Offices and auction rooms are usually located at one end of the building or 
in a second story. Auction rooms require exceptionally good lighting, ventilation and 
acoustic treatment. Auction rooms should have sloping floor arranged in steps for 
seating accommodations. 

(17) Restaurant space is usually required in the larger terminals. 

(18) Where the terminal consists of a number of individual stores, the require- 
ments should be worked out in advance with the dealers. Elevators, platform scales, 
and other special facilities may be required. Consideration should be given to the proper 
metering of all services provided. 

(19) The economical width of auction and private sales buildings appears to be 
between 70 feet and 110 feet. 

(20) Shelters, properly heated and lighted, should be provided for team yard 
checkers. 

Track Layout 

(21) The track layout should be as compact and flexible as possible and extensive 
enough to take care of traffic without delay. It is governed by the number of cars 
handled at peak periods, the different kinds of produce received, and the average stand- 
ing time until cars are released. 

(22) A receiving yard is sometimes desirable for receiving transfers from various 
roads and for assembling empties and reconsigned cars. 

(23) A hold and inspection yard is sometimes provided. This yard should have 
inspection platforms and cars should be accessible for icing. It may be a separate yard 
or combined with the receiving yard. 

(24) Team yards should have ample standing capacity. Extremely long tracks 
should be avoided. 

(25) Track centers should be not less than 13 feet. 

Driveways 

(26) Team yard driveways should be hard-surfaced and have at least 45 feet clear 
width between cars. 

(27) Driveways between buildings or between a building and a team track should 
have preferably a clear width of 80 feet. 

Platforms 

(28) Inspection platforms should be 4 feet 6 inches to 6 feet wide, 3 feet 3 inches 
above top of rail and at least 5 feet 9 indies from center line of tangent track. Plat- 
forms should be covered and lighted. 
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(29) Platforms used exclusively for handling live poultry should be 16 feet to 20 
feet wide, 3 feet 5 inches above top of rail and at least 5 feet 9 inches from center line 
of tangent track. Platforms should be covered and light and water provided. Roof 
supports should be located to minimize interference with handling crates. Space for crate 
storage and repairs is usually required. Facilities for handling live poultry business 
should be accessible for trucks, but located as far as possible from produce houses. 

(30) House platforms, when served by both hi^way vehicles and railway cars, 
should be 4 feet above top of rail and 8 feet from center line of tangent track. 

(31) .Clearance must comply with State regulations. 

Icing 

(32) All cars in team and hold yards should be accessible for icing which is usually 
done by contract with local dealers. Access may be from narrow driveways or from 
icing platforms. 

Garbage and Refuse Disposal 

(33) Cars should be thoroughly cleaned after unloading and all refuse and garbage 
removed from platforms, buildings, etc. Special equipment such as sweepers, dump 
carts, etc., should be provided in large terminals. Garbage may be handled by city 
collection, by contract, or incinerated. An incinerator, if required, ^ould be of ample 
capacity to handle one day’s collection in six to eight hours, conveniently located, and 
designed to burn garbage having a high water content. 

Miscellaneous 

(34) Ample drainage is essential for buildings and yards. 

(35) Flood lighting the entire area is desirable in addition to local lighting. 

(36) The entire area should be strongly and closely fenced to prevent trespass. 

(37) Definitely assigned entrances and exits should be provided. 

(38) A cold storage warehouse, if required, should have suitable track service and 
convenient means of communication with other buildings. 

(39) Adequate parking space should be provided. 

(40) Auto truck scales, when required, should^be located at a point convenient for 
the drivers and near the freight office. The location should not interfere with truck 
movements in the driveways. 
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Appendix C 

(6) HUMP YARDS 

E. M. Hastings, Chairman, Sub-Committee; N. C. L. Brown, H. F. Burch, W. F. Cum- 
mings, R. J. Hammond, G. F. Hand, M. J. J. Harrison, E. T. Johnston, T. R. 

Ratcliff, H. L. Ripley, W. B. Rudd, E. P. Vroome. 

Last year the Committee’s report was on the subject of gradients for the hump and 
classification yard where retarders are used. The report set up formulae (Vol, 33, page 
129) for determining the required drop in feet from the crest of the hump to the clear- 
ance point of any track (formula A), the drop in feet from the leaving end of the last 
retarder in any group to the clearance point of any track in that group (formula B), 
and the drop in feet from the crest of the hump to the leaving end of the last retarder 
(formula A-B). Several methods of applying these formulae were set down and an 
example worked out for a typical yard with 45 classification tracks, using the data at 
hand in respect to the various resistances. 

This year the Committee has studied what has been termed graphic methods which 
may be used in designing gradients in connection with the application of retarders to 
hump yard operation. After a classification yard has been laid out and the requked 
vertical drops have been determined the distribution of these drops in their respecthre 
zones may be worked out by graphic methods in order that the speed of cars may be 
properly controlled and each retarder do its share of the work. The graphic method 
may be also used in making an analysis of the grades and retarder capacities of an 
existing yard as well as in the study of any design under consideration. As information 
for the Association the Committee is presenting twm graphic methods: 

Graphic Method “A” is an application to a typical classification yard of 45 tracks 
as shown on Fig. 1 of last year’s report and is explained and its application demonstrated 
under the sub-heading Graphic Method “A”. 

Graphic Method “B” is an application to a typical classification yard of 50 tracks 
as shown on the accompanying Fig, 5 and is explained and its application demonstrated 
imder the sub-heading Graphic Method “B”. 

GRAPHIC METHOD “A” 

Generai, 

The factors of car speed, car rolling resistance, curve resistance, gradient and re- 
tarder capacity may be expressed in terms of velocity head based on the law of freely 
falling bodies; viz., 

2 gh 

or A z=zv^ 

Tg 

where h = the height through which a body must fall to acquire a velocity of v ft. per 

sec. 

Converting this basic formula to fit our requirements we have: 

FJ5r = 0.0334 F" 

where VH — feet vertical height through which a car drops, or '‘velocity head” 

F = speed of a car in miles per hour 

The following table is worked tMsrsroii^^ 
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Velocity Heads in Feet for Free Rolling Cars 


m:p.h. 

.0 

.1 

2 

3 

4 


.5 

.7 

.8 

.9 

2 

0.13 

0.14 

0,16 

0.17 

0.19 

0.21 

0.22 

0.24 

0.26 

0.28 

3 

0.30 

0.33 

0.35 

0.37 

0.39 

0.41 

0.43 

0.46 

0.48 

0.50 

4 

0.53 

O.S6 

0.S9 

0.62 

0.65 

0.68 

0.70 

0.74 

0.77 

0.80 

5 

0.84 

0.87 

0.90 

0.93 

0.97 

1.01 

1.05 

1.08 

1.12 

1.16 

6 

1.20 

1.24 

1.28 

1.32 

1.37 

1.41 

1.45 

1.50 

1.54 

1.60 

7 

1.64 

1.68 

1.73 

1.78 

1.83 

1.88 

1.93 

1.98 

2.03 

2.09 

8 

2.14 

2.19 

2.25 

2.30 

2.35 

2.41 

2.47 

2.53 

2.59 

2.65 

9 

2.71 

2.77 

2.83 

2.89 

2.95 

3.01 

3.08 

3.14 

3.21 

3.27 

10 

3.34 

3.41 

3.48 

3.54 

3.61 

3.68 

3.75 

3.82 

3.89 

3.96 

11 

4.04 

4.12 

4.18 

4.26 

4.34 

4.42 

4.50 

4.57 

4.65 

4.73 

12 

4.81 

4.89 

4.97 

5.06 

5.14 

5.22 

5.30 

5.38 

5.47 

5.55 

13 

S.64 

5.72 

5.82 

5.91 

6.00 

6.08 

6.16 

6.26 

6.36 

6.45 

14 

6.SS 

6.64 

6.73 

6.82 

6.92 

7.02 

7.12 

7.22 

7.31 

7.41 

15 

7.S2 

7.62 

7.72 

7.82 

7.92 

8.03 

8.12 

8.23 

8.33 

8.44 

16 

8.S6 

8.67 

8.77 

8.89 

9.00 

9.11 

9.21 

9.32 

9.43 

9.55 

17 

9.66 

q.78 

9.90 

10.00 

10.12 

10.23 

10.34 

10.46 

10.58 

10.70 


The velocity head {VH) corresponding to the speed of a car at any point may be 
read from the above table. For example, a car running at a speed of 5.0 M.P.H. has 
a velocity head of 0.84 ft. 


Car Resistance 

Car rolling resistance is commonly expressed in the equivalent rate of grade. Thus, 
a resistance of 6 lb. per ton is equivalent to an adverse grade of 0.30 per cent, which, in 
a distance of 100 ft., becomes a negative velocity head of 0.3 ft. The prevailing direction 
and velocity of the wind will influence the quantities used for car resistances. 

Curve resistance, as noted in the previous report (Vol. 33, page 129) is expressed in 
feet drop (velocity head) per degree of central angle. Switch resistance is also expressed 
in equivalent feet drop. Both of these will be negative. 

Gradient 

The rate of grade in per cent, times the distance in 100 ft. stations, gives the gradient 
velocity head at any point. This will be either positive or negative, depending on 
whether the gradient is descending or ascending. 

Retardation 

The retarding capacity of a car retarder is commonly expressed in terms of the 
velocity head the retarder can subtract from a freely moving car of given weight. This 
velocity head capacity of retarders of different lengths and for different weights of cars 
may be obtained from the manufacturers. 

Graphic Method 

The graphic method may best be described by illustrating its application to a specific 
layout. As the layout ^own on F%, 1,. “Retarder operated classification yard, typical 
head end layout”, Vol. 33, page 132, has already been used to illustrate another method, 
this same layout has been selected to illustrate the graphic method. 

Attached is Fig. 2 entitled “Graphic Method for Use in the Design of Hump Yard 
Gradients and for Distance>-Speed Studies, Tracks 43. and 44” f which illustrates the 
method applied to the tracks for which the calcidaitioiB. were made in Fig. 1. The graph 
is based on the heavy easy rolling car under favorable conditions as retarder capacities 
and the grade below the last retarder are involved, but the action of any car may be 
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studied in a like manner by substituting suitable resistances. The following resistances 
are those used for Fig. 1 (Vol. 33, page 132) and also used in this report: 

Car rolling resistance between the hump crest and the last retarder, including switch 
resistance = 6 lb. per ton (0.3 per cent grade) 

Car rolling resistance below the last retarder, not including switch resistance = 4.4 lb. 
per ton (0.22 per cent grade) 

Average switch resistance below last retarder in any group = a = D.IS ft. drop or 
velocity head 

Accelerative increment below last retarder = b = 0.10 ft. drop or velocity head 

Curve resistance = 0.025 ft. drop or velocity head per degree of central angle 

Capacity of each retarder = 2.2 ft. velocity head for a 100-ton car 

The procedure for laying out the diagram in Fig. 2 follows: 

(a) Draw the horizontal base line A K and show on it to scale, the location and 
number of the retarders leading to track 43 and the location and central angle of the 
curves (Track 44 is the same on the other side of the yard). The distances shown on 
this base line must be taken along the track and not on the center line of the yard. The 
number and capacity of the retarders wiU have been determined by the calculations at 
the bottom of page 132, Vol. 33, that is, six (6) retarders, each with a capacity of 2.2 ft. 
velocity head. Draw vertical lines representing the center line of a car as it enters and 
leaves the three retarding positions; these lines have been assumed at IS ft. ahead of 
and following each retarder position for the average car. 

(b) Lay oh the points B, C, D, etc., at such distances below the base line AK that, 
at each of these designated points, the distance from the line AK will represent the cumu- 
lative velocity head of car rolling resistance, curve resistance and switch resistance. The 
completed line ABCDEFGHI will then represent, at any point, the velocity head of all 
such resistances. 

(c) Lay off vertical distances AL, NO and KM, representing the velocity head 
equivalent to the humping speed at the apex (assumed at three (3) M.P.H.) . 

(d) Lay off vertical distance MJ equal to “A”, the total drop from the crest of the 
hump to the clearance point (formula I, page 132, Vol. 33. This is increased to 17.44 ft. 
in order to utilize the full capacity of the retarders with a margin of safety of 0.5 ft. as 
explained on that page.) 

(e) Lay off vertical distance OP equal to ^^A-B” (formula IH, page 132, Vol. 33, 
increased by 0.02 ft. as in (d)). OP equals 15.35' ft. Locate point H where this vertical 
line intersects the car resistances line. Vertical distance BP wrU then represent the 
velocity head of the assumed car running unrefarded from the apex of the hump at L 
to the leaving point of the last retarder, the total car resistances NH having been de- 
ducted. Lay off vertical distance PQ, representing the retarding capacity of the 6 re- 
tarders (13.20 ft. velocity head) which is 0.5 ft. greater than the velocity head of the 
unretarded car at point P. This shows that the car can be stopped by full application 
of all 6 retarders in that route, with a margin of safety of 0.5 ft. velocity head. 

(f) Lay off vertical distance QR, representing the velocity head capacity of the 

last pair of retarders (4.4 ft.) . It is now desired to obtain vertical distance G S repre- 
senting the velocity head equivalent to the speed of the car entering the last retarding 
position. This may be done either by assuming this entering speed or by assuming the 
gradient through the last retarders. However (see Vol. 33, page 130), this gradient 
should be between the limits of 0.80 per cent and 1.20 per cent. For this frustration and 
on the basis of average traffic, assume a minimum gradient through the last retarders of 
1.00 per cent. Referring to Fig. 1, it will be- noted that the track leads to the three 
groups which include track ^ mtrst of 'h^ces^y a c(rf^bn 

just ahead of the last retarders* (S ctti the gtaph>. j^o, A-B (formuM ItT, page tSt, 
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Vol. 33) will determine the drops to the points immediately following the last retarders 
in these three groups. Then, with 1.00 per cent as a minimum gradient through the 
last retarders, the gradient through the last retarders leading to tracks 43 or 44 becomes 
1.16 per cent. Lay off line RS at this rate of grade. This establishes point S, and GS 
becomes 2.92 ft. velocity head (equivalent to a speed of 9.35 M.P.H.). Line QS will 
then represent the retarding effect of the two retarders. Draw line PS' parallel to RS. 
PS' becomes part of the profile. 

(g) Four points on the profile have thus far been- established — L, S', P and J, The 
material adopted last year for inclusion in the Manual contains the following (Vol. 33, 
page 115) : 

“This drop—between the crest of the hump and the last retarder— should be so 

apportioned that: 

(a) The hump gradients will quickly separate the cars or cuts to provide the 
spacing necessary for the free throwing of switches. 

(b) The gradients through the last retarder are sufficient to start an average 
rolling car which has been stopped in the last retarder.” 

The latter of these two requirements has already been complied with in establishing 
point S'. Adoption of proper hump gradients is necessary to fulfill the first requirement. 
The desired drop between the crest of the hump and the leaving end of the first retard- 
ing position is dependent on the humping speed (already assumed as 3.0 M.P.H.) and 
the desired speed of the car leaving the first retarding position. Experience indicates 
that a speed of 6 M.P.H. at this point is within the limits of good practice for the 
assumed car when fully retarded. 

Assuming then this speed of 6.0 lay off vertical distance C X, the equiva- 

lent velocity head, and vertical distance X Z representing the velocity head of retarda- 
tion of the two retarders (4.4 ft.). This establishes point Z on the profile. Thus the 
two points L and Z on the profile are established. It is axiomatio that the crest of the 
hump profile shall be a vertical curve, and this part of the profile could be completed 
by connecting point Z with the vertical curve. However, this would not provide a 
sufficiently quick break-away for cars, and point Y on the profile may be determined by 
assuming an entering speed at the retarders or by assuming a first gradient over the 
crest which will provide the desired quick break-away. In this illustration the latter 
method has been followed, and a 4 per cent gradient used for a sufficient distance and 
in combination with a 2.5 per cent grade through the retarders. This fixes point Y on 
the profile; join F and Z. The profile now becomes line LY Z. This same profile has 
been found to work out with entire satisfaction in a yard handling mixed traffic. It 
should be borne in mind, however, that there is nothing obligatory about the humping 
^eed of 3.0 the leaving speed of 6.0 M.P.H. or the assumed 4.0 per cent 

gradient. Various combinations can undoubtedly be worked out that, will give entire 
satisfaction for the cars to be handled. The figures assumed are merely to illustrate the 
method and at the same time to be within the limits of what has been found to be good 
practice. Join F and X; Hne F X then represents the retarding effect of the two re- 
tarders. 

(h) Six points on the profile have now been determined, L, Y, Z, S', P and J. The 
profile could be completed by connecting points Z and S' if only the leads to tracks 43 
and 44 had to be considered. However, examination of Fig. 1 (Vol. 33, page 132) shows 
that the leads to all tracks must be on the same gradient from the crest to a point just 
beyondt first lap switch. It is therefpre necessary to work out at least a portion of 
the profile for track 0 before the profile for tracks 43 and 44 can be completed. This is 
done the same manner as pre^usly described for track 43 and is shown on Fig. 3. 
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From Fig. 3 we find that the gradient of track 0 from Z to 5' is 1.895 per cent if these 
two points are connected by a straight line. A different method of designing this grade 
is described further along, but for present purposes the 1.895 per cent grade is used. 

(i) Returning now to track 43 (Fig. 2), lay off line ZPF' on a gradient of 1.895 
per cent and join points W' and S'. It is found that the rate of grade between W* and 
S' is 1.66 per cent {W' is located a reasonable distance beyond the last frog of the first 
lap switch) . Draw X W parallel to Z W' and WVV parallel to W’ and S'. Vertical 
distance E V then represents the velocity head equivalent to the car speed on entering 
the second retarding position. Lay off vertical distance TJ T representing the retardation 
velocity head of the retarders at this location (4.4 ft.). Vertical distance FT then 
represents the velocity head equivalent to the car speed on leaving the second retarding 
position and V T represents the retarding effect of the two retarders. Connect points S 
and T. 

(j) The completed profile for tracks 43 and 44 is line L Y Z W' V' U' S' P J and, 
graphically, the vertical distance between the profile and the resistance line A B C D E F 
G H 1 represents the velocity head of the car if unretarded. Similarly, line L Y X W V 
T S Q represents the velocity head of the car when fully retarded in each retarding 
position. 

(k) In practical operation a car will not be stopped in the last retarder but will be 

slowed down to such speed that after leaving the last retarder it will couple at a safe 
speed. Dashed line B I represents the equivalent gradient of car resistance between the 
leaving end of the last retarder and the clearance line in the yard, as in (b). Lay off 
vertical distance 1 1' velocity head equivalent to the safe speed of a car at the clearance 
line ; if the classification tracks are on a non-accelerating grade for the heavy easy rolling 
car under favorable conditions (0.22 per cent), the car speed at the clearance line should 
be at a safe coupling speed, say 4.5 equivalent to a velocity head of 0.68 ft. 

Referring to Vol. 33, page 131, in the next to the last paragraph, we find the principles 
in respect to the gradients between the last retarders and the clearance line in the yard. 
The velocity head of the assumed car when leaving the last retarder {B B') will depend 
on whether it is desired that the car accelerate or not accelerate between these two 
points. If no acceleration is desired, B B' will be the same as 1 1', viz. 0.68 ft., equiva- 
lent to a speed of 4.5 M.P.H. In Fig. 1 “a + 5” is made 0.25 ft. (Vol. 33, page 132), 
which may be divided as follows: 

a =. Average switch resistance between the last retarder and the clearance line = 0.15 
ft. drop 

h = Allowance in feet drop, for accelerative increment over the same distance = 0.10 
ft. drop 

Accordingly, the velocity head B B' will be 0.68 ft. minus 0.1,0 ft. equals 0.58 ft. which 
is equivalent to a releasing speed of 4.2 M.PJEI. The average gradient will then be line 
P J parallel to line B' P. This gradient P J may be broken up to meet the requirement 
of bringing the five tracks together, in the same way as was done in establishing point 
TF', and to provide an accelerating grade immediately following the last retarder. If 
“6” is made a minus quantity in order to decelerate cars, as in grading method 7 (Vol. 
33, page 131), “6” would be added to the velocity head at the clearance line, thus mak- 
ing the releasing speed at the last retarder higher than the speed at the clearance line. 

* (1) The Speed-Distance Chart may be drawn as shown at the top of Fig. 2, trans- 

lating the velocity heads of the fully retarded car at different points into speeds. 

(m) The chart for track 0, shown in Fig. 3, may be drawn and completed in the 
same manner; the total drop- “a” has been increased as in last year’s report, to take 
advantage of the full capadty of the retarders. ^ 
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Modifications of the details of the method as illustrated may be used if desired. 
For example, there is no reason why a profile should not be worked out for the heavy 
easy rolling car under favorable conditions by assuming entering and leaving speeds at 
each retarder location, and then checking the profile thus obtained by the formulae in 
last year’s report in order to ensure that the drops from the hump crest to different 
points are sufficient for proper operation of the yard. In the actual design of a yard it 
is necessary to bring the different routes and grades together at the switches and also 
to provide gradients on the routes to the outside tracks which will give car speeds as 
nearly as possible equal to the car speeds on the routes to the middle tracks. This 
necessitates a cut and try method. 

Fig. 3 shows for track 0 in dashed lines how the car speeds may be varied within 
certain limits to obtain more nearly constant car speeds in the retarder zone or to change 
the time interval from the hump apex to any point to prevent interferences. 

(a) The solid line in the speed distance chart shows that the heavy easy rolling 
car on the gradients as worked out for Fig. 1 will have a speed of 6.0 M.P.H. leaving 
the first retarding position, the car having been fully retarded. Likewise when leaving 
the second retarding position the car speed will be S.O M.P.H. The gradient of 1.0 per 
cent through the last retarding position fixes the car speed entering this position at 9.6 
M.pja. 

(b) If it is desired to more nearly equalize the speeds of the car between Z and S' 
on the profile, a speed of 9.6 M.P.H. may be assumed on entering the second retarding 
position, equivalent to a velocity head of 3.08 ft. at D M'. A speed of 6.0 M.P.H. may 
be assumed on leaving the second retarding position, equivalent to a velocity head of 
1.20 ft. at F N'. N' O' will represent the retardation velocity head of the two retarders 
equal to TU (4.4 ft.) . 

(c) On connecting these points as shown, the grade of the track necessary to effect 
these changes in speed would be 1.643 per cent between the first and second retarding 
positions, 2.53 per cent through the second retarding position, and 1.635 per cent between 
there and the last retarding position. A possible objection to this is that the 1.643 per 
cent grade would apply through the turnouts at the first lap switch where curve resist- 
ance is encountered and the steeper grade of 1.895 per cent in accordance with the plan 
may be considered more advantageous. It is to be noted that the actual differences in 
speeds and time intervals are very small. 

(d) It is good practice to install sufficient retarder capacity to permit stopping the 
heavy easy rolling car under favorable conditions in the last retarder to prevent possible 
collisions, where cars are not in the clear on the classification tracks. Ordinarily, re- 
tarder capacity is not provided to permit stopping cars in any other of the retarding 
positions. If it should be considered desirable in some specific design or method of 
operation to be able to stop cars in the first retarding position, then additional retarder 
capacity at least equal to C X ^ould be installed in this position without changing the 
profile, as stopping a car would be unusual and not a regular operation. Obviously, it 
would be poor practice to reduce the speed of the fully retarded car leaving the second 
retarding position to a figure materially less than S.O M.P.H. as this would then tend to 
become a point limiting the humping capacity of the entire yard. 

This same graphic method as illustrated by the foregoing may be applied to a yard 
layout requiring four retarding positions and any number of retarders, or to a speed- 
distance chart in analyzing the gradients of an existing yard. It is of particular value 
in plotting a speed-distance chart or a time-distance chart to determine if there is any 
interference between the cars of low and high rolling resistances that may be next to 
each' other in the train being humped. This study is necessary in determining the ar- 
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rangement and spacing of switches to the different tracks depending on the class and 
weight of cars it is expected to handle in the yard, and will determine the necessary 
speed or intervals between cars being pushed over the hump. 

This graphic method may also be applied to advantage in analyzing the effect of 
the seven different methods of complying with the formulae for drops from the apex 
to the last retarder and to the clearance line, these seven different methods being shown 
on pages 130 and 131 of Vol. 33, and applying principally to the method of grading 
between the last retarder and the clearance line and to the resulting cross-section of the 
classification yard tracks. 


GRAPHIC METHOD “B” 

The gradients of several of the retarder hump yards, now in operation, were designed 
with the assistance of a graphic method which was developed in connection with the 
application of retarders to hump yard operation and which wiU be described in this 
report. 

This method has been utilized to advantage in designing the gradients, with relation 
to the location of retarders in the track layout and to provide a proper spacing of cars 
in their travel from crest to clearance,* these objectives being essential for obtaining a 
maximum efficiency. It provides for the coordination of the effects of rolling resistance, 
retardation and gradients upon the speed of a car as it moves down the hump, and pro- 
vides a medium through which the time and distance spacing between cars may be 
determined. If the spacing is determined at various points in the switching area, loca- 
tions may be found where the capacity for humping cars is limited. Then, suitable cor- 
rections can be made. 

(I) Basic Principles 

All factors, speed, rolling resistance, and retardation may be expressed in terms 
which are common to each other, as for example vertical height, gradients and equiva- 
lent gradients. Velocity head is used, commonly, in railway engineering to represent the 
effect of gravity upon the speed of moving trains or cars. However, a broader applica- 
tion of the term has been made in the development of this method. Conversion for- 
mulae have been developed as follows: 


(a) Speed 


In 1927 this Committee developed a velocity head formula which may be found on 
page 6SS of Vol. 28 of the Annual Proceedings. However, a slightly different method 
of developing the formula, as well as a slightly different value, is presented in this report. 


VH = Velocity head of a car at any point of travel 

KE = Kinetic energy = ^ M 

64.4 

W = Weight of car or cars 
g = Acceleration of gravity — 32.2 ft/sec/sec 


Mz 


.Mass =-51= X- 
g 32.2 

V = Velocity in ft/sec = 1.467 V 

V = Speed in M.PJEI. 

h = Vertical^ifeeight through which car or cars have moved 
PE = Potential en^^ = Wh , ... , 


( 1 ) 


( 2 ) 
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Gravity is potential energy which is converted into kinetic energy when a car is 
allowed to roll on a negative gradient. Therefore, if car resistance is neglected: 


?E-KE^Wh=: From (1) and (2) 

^ ~ 

VH or velocity head is used to represent height h so, therefore, formula (3) be- 
comes 

VH = .0155 {v given in feet per sec) (4) 

Substituting — v = 1.467 V 

.0334 F® (F given in miles per hour) (5) 


The formula, developed in 1927, provides for an allowance of 5 per cent for the 
effect of the rotative energy stored in the wheels of a moving car, which is desirable 
when dealing with the tractive effort required for hauling trains but which is not con- 
sidered necessary when dealing with the running of cars by gravity. Therefore, the 
5 per cent allowance has not been used in testing car resistance or in applying the results. 

(b) Rolling Resistance 

Rolling resistance values should be represented either by equivalent gradients, or by 
vertical heights or drops as set forth in this Committee’s report found on page 129, 
Vol. 33. However, to facilitate description and to coordinate all factors the term 
VHi is used to represent the velocity head of car resistance. 

VEiOi F z=z Equivalent Gradient (in per cent) X distance (in 100 ft. stations) . . (6) 

(c) Retardation 

Retardation values may be expressed in several different terms, such as, pounds per 
axle, equivalent drawbar pull, per cent retardation, or velocity head, the last named being 
preferable for this method of designing gradients. Velocity head values for the retarders 
utilized at present, will vary directly with the length of the retarder and with the weight 
of car, but with certain limitations as to the minimum weight of car to be retarded. 

Therefore, when and as required, each manufacturer should be requested to furnish 
velocity head values for their design of retarder with relation to definite lengths of re- 
tarder and to the weights, of cars to be retarded. 

VH^ or jR = Velocity head of a retarder location and for a specific weight of car. . (7) 

(d) Gradients 

To facilitate description and coordinate aU factors the term VH^ is used to repre- 
sent the vertical heights or drops relating to definite lengths of track. 

VH^ox G = Gradient (in per cent) X distance (in 100 ft. stations) (8) 

(e) Coordination of Factors 

The factors represented in items (a) to (d) inclusive may be coordinated as shown 
in Fig. 4. E<juiYclent (jradieot 
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VH^ = Velocity head of car entering a retarder 

F-ffi = Velocity head of car leaving a retarder 

The velocity head values shown in Fig. 4 can be arranged in an equation which 
may be used for solving for unknown factors: 

+ 

or for simplicity letters VE may be dropped leaving the suffix letters to represent the 
various factors as: 

E + G = F^R^L ( 10 ) 

(II) Application to the Design of Hump Gradients 

The report of this Committee, found in Vol. 31, page 781, gives information and 
typical track plans which will be found useful in designing the switch layout between 
the hump lead and the classification tracks and in arranging the space required for re- 
tarders. It will be noted that, for the group track arrangement, three and occasionally 
four retarder locations (see Fig. 5), in sequence, are provided, depending upon the number 
of tracks in the yard, the number of tracks in each group, the use of lap switch layouts, 
etc. 

The usual arrangement provides for the installation of retarder units in numbers of: 
two or three on the hump lead, depending upon general requirements in height of hump 
or average gradient from crest to clearance; two ahead of each group of tracks; one or 
two on each track at the intermediate locations, two being used if a steep sublead gradient 
is desired. Various other combinations may be used when either the track groups or 
their gradients cannot all be made of a uniform design. However, the principles of 
design may be applied separately to each different condition. 

Therefore, in designing a track layout, decisions should be made as to the number of 
tracks for each group, the general arrangement of subleads, the number of retarder loca- 
tions, and the number of retarder units for each location. The number of units selected 
for the hump lead, at this stage of design, is not important since, at this location, the 
addition or elimination of retarder units, usually, wiU not affect the track arrangement 
as seriously as at other locations. A study of the design and operation of existing yards 
will be helpful in making these decisions. 

Even though the above and other precautions have been taken and a well designed 
compact track layout has been made, the gradients should be adapted so that the car 
speeds are suitable for the most efficient operation. Therefore, the following application 
of the basic principles outlined in Section I will be found useful in the design of the 
gradients. 

Fig. 6 shows four retarder locations in sequence, an equivalent gradient representing 
rolling resistance, a velocity head profile representing the speed of a car, retarded as 
required, and the hump profile. It will be noted that at each location there is a diagram 
similar to that shown in Fig, 4 and described under Section I and that between retarder 
locations the velocity head profile shows an acceleration of the car. 

The velocity head profile may be defined as follows: ^ 

E represents the speed of a car when released at the crest; repres^ts the ^)eed 
of the car entering and Xi represents the speed of the car le|£ving the first retarder 
location ; £2, I-2, £3, Ts, and E* represent similarly the entering and leaving speeds at 
second, third and fourth retarder locations. No releasing speed ts shown at the fourth 
location smce the usual practice is to design the gradients so that the car can be stopped. 
If a margin of safety is desired it may be included as shown but smouM be induded in R*. 

Retardation’ is represented by Ri, E2, Rz, and Ra, values ha#ng been determined in 
accordance with Section I, Item (c). At each location retard^i^ values are shown as 
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follows: 1st location, Rij 2nd location, Ri and 3rd location, Ri, Rt and 4th 
location, Ri, Ray Rz and R<, This defines a relation between the velocity head profile 
and the complete hump profile. 

The procedure suggested for laying out the diagram in Fig. 6 follows: 

(a) Draw a horizontal line representing the track for which the gradients are to be 
designed and show, on this line, the retarders as they are located in the track plan (Fig. 
5). Also draw vertical lines representing the centerline of a car as it enters and leaves 
the retarders. 



(b) Draw a line to represent the equivalent gradient of rolling resistance for the 
easy rolling car. This may or may not be a straight line depending upon whether the 
track is curved or tangent or a combination of both, and upon the allowances for curve 
resistance. (See page 130, Vol. 33 of the Proceedings.) 

(c) Lay off retardation value R^. 

(d) Lay off Ls to represent the speed desired for a car leaving location No. 3 and 
eitiier £* to represent the speed desired for entering location No. 4 or draw a line con- 
necting the points determmed by laying off R^ and thus determining JS*. The part of 
the line between Lz and F^ forms part of the velocity head profile and the entire line 
between JU and jRi represents the gradient at that location. 

(e) Similarly, as in (d) , lay off Li, Ray Lay and Rz and draw the connecting lines. 

(f) Lay off E to ^represent the speed of a car when released at the crest of the 
hump and Rt to represfnt the retardation of location No. 1 and draw a connecting line. 

(g) Complete thet velocity head profile by drawing lines to connect Et to Zi, Ea to 
etc., these lines beii4r used to repr^ent the speed of the car while in the retarders. 
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Fig. 7 consists of three hump profiles with their corresponding vdodty head pro- 
files, designed to illustrate some of the variations which may be found and to describe 
alterations which usually should be made in the profile as first obtained as well as to 
point out objectional features which should be avoided. The dotted lines represent the 
profiles as first obtained by the procedure described above and illustrated in Fig. 6. 
The full lines represent the profiles, as altered to provide a specific gradient at one loca- 
tion and more satisfactory car speeds throughout the descent from the crest to the 
last retarder. The broken lines represent a profile which, frequently, is obtained when 
little, if any, attention is given to the speeds at which the cars must run if they are to 
be delivered to their classification track without suffering damage. 



Experience has shown that gradi^ts within a defiifite range are desirable at some 
locations such as, for example, at the last retarder where they are recommended to be 
0.8 per cent to 1.2 per cent. (See page 130, Vol. 33 of the Proceedings). The required 
alterations in the profile first obtained (Fig. 6) may be made by laying out the desired 
gradient in the velocity head profile and by changing either the gradient to the next 
location or the leaving speed at that location, the latter having been chosen only as an 
example. The alterations are shown in full lines at locations No. 3 and No. 4 m 
Figure 7. 

In Fig. 6 the leaving speeds Xi, Lz and Lz are similar in magnitude so therefore, 
since this is considered to be advantageous, alterations of these speeds have been shown 
by full lines, in Fig. 7, to make them cOpform to the alterations made in Ls, as described 
in the preceding paragraph. The entering speeds also were changed, proportionately, 
with exception to Ez which was lowered, since in Fig, 6 it wiH be noted that Ez is con- 
siderably higher than Ez or F4, and since a fairly uniform car speed is desirable. 

Irregular car speeds, such as shown by broken lines im Fig. 7,. are undesirable. The 
leaving speeds Lz and L» are very kJW, but JU is lower tham E, the speed at which ears 
are released at the crest. If such a condition is allowed to exist, within the switching 
area, the humping capacity of the yard may be seriously impaired, s^ only a few 
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cars, requiring a handling of this nature, will interfere with other cars, and to the 
extent of affecting the speed of the train being humped. 

The foregoing description has dealt with the hump and the sublead to only one 
of the groups of tracks. The method may be applied, however, in designing the gradi- 
ents for the subleads of the other groups, if care is taken to avoid altering the gradients 
already designed, without giving consideration to the effect which the alterations might 
have in the respective car speeds. 

It is recommended that, in using this method, the design of the hump gradients 
should be based upon handling the heavy easy rolling car under favorable running con- 
ditions. However, the height of the hump should be sufficient to cause the hard rolling 
car to run to clearance or farther, under unfavorable running conditions. Therefore, it 
is advisable to apply the formulae, as found on page 129, Vol. 33 of the Proceedings, to 
determine if the height of hump, as designed, is satisfactory for handling the hard 
rolling car. 



A velocity head profile representing the movement of a hard rolling car may be 
utilized advantageously to illustrate the adequacy of the height of hump, the car speeds 
to be expected, and the locations where it may be desirable to use retardation. Also it 
may show locations where retarders can be eliminated or should be added. Obviously 
any alterations in the number of retarders will require revision in the gradients. 

Fig. 8 shows the huinp profile as finally obtained in Fig. 7, together with an equiva- 
lent gradient representing the car resistance of a hard rolling car. If retarders are not 
used, the hump profile becomes the velocity head profile, but if the retarder at location 
No. 1 is used the velocity head profile is altered as shown by the dotted line, or if the 
retarder at location No. 2 is used the velocity head profile is altered as shown by the 
broken line and the dotted line through location No. 4. 

The leaving speed should be sufficient to provide the momentum necessary to 
carry the car' at least to the clearance point. After the classification track gradients 

'the' clearance’ point, 
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the height of the hump should be increased and retarder should be added, thus requir- 
ing slight alterations in the profile. 

If it is found necessary to retard the hard rolling car, it is preferable to do so at 
location No. 1, thus following the dotted velocity head profile, which provides car 
speeds nearer to those of the easy rolling car. (See full line velocity head profile 
Fig. 7). Such an arrangement will provide a fairly uniform spacing between cars even 
though hard rolling and easy rolling cars are handled alternately. 

Fig. 6, 7 and 8 were drawn separately to facilitate the description. In actual prac- 
tice all profiles are superimposed on one sheet. 


Appendix D 

(8) THE LOCATION AND DESIGN OF AIRPORTS IN CO- 
ORDINATION WITH RAILWAY FACILITIES 

G. F. Hand, Chairman, Sub-Committee; Irving Anderson, J. R. W. Ambrose, R. J. 
Lockwood, E. H. McReynolds, C. H. Mottier, H. L. ]^pley, H. M. Roeser, W. C. 
Sadler, C. U. Smith, A. Pendleton Taliaferro, Jr., E. E. R. Tratman, J. L. Wilkes. 

(1) Extent of Air Lines and Facilities 

The extent to which air transport services have grown is shown by the attached 
map, Fig. 1, and the following summary taken from the Air Commerce Bulletin, of the 
Department of Commerce, dated August 1, 1932. Figures include mail, passenger and 
express service within the United States and from points in the United States to foreign 
points. 


Airway miles between Plane miles scheduled 
cities served daily average 


Total Domestic 29,724 127,623 

Total Foreign 19,051 13,341 

Grand Total 48,775 140,964 


Number of Air Transport Services in Operation 


Domestic Routes 103 

Mail 71 

Passenger 91 

Express 83 

Foreign Routes 15 

Mail 14 

Passenger 14 

Express 12 

All Routes 118 

Mail 85 

Passenger 105 

Express 95 


Number of Scheduled Air Transport Operators 


Domestic 33 

Foreign 6 


There are now three transcontinental air lines. One may travel continuously by air 
from New York (Newark Air Port) to San Francisco (Oakland Air Port) , a distance of 
2,766 miles, in 31 hours and 45 minutes. That is, leaving Newark at 9:00 AM (EST) 



1 ^ 


Yards an d Terminals 


and flying without overnight stops via Chicago, Cheyenne and Salt Lake City, one ar- 
rives in San Francisco at 1:45 PM (PST) the next day. The fastest eastbound elapsed 
time is about 5 hours less, or 26 H. 54 M. By another route, via Kansas City and Los 
Angeles, a distance of 2,979 miles, with two overnight hotel stops enroute, one may 
leave New York (Newark Air Port) at 9:30 AM (EST) and be in San Francisco at 
11:25 AM (PST) the second day. Continuous air travel may also be had from New 
York to Jacksonville, Chicago to New Orleans, Chicago to El Paso, and by connecting 
planes to other points, in correspondingly short times. 

Nearly all of the passenger transport lines carry mail, as the mail subsidy is neces- 
sary from a financial standpoint. Nearly all of the transport lines also carry express 
matter, and the air express business is rapidly growing, the principal commodities being 
special news service, bank checks forwarded for clearing, moving picture news reels, 
small electrical instruments, and the like, where quick transportation is of vital im- 
portance. 

So-called “air freight” is at present limited to one line between Milwaukee and 
Detroit. Air transport does not seem a fertile field for freight, as the weight and size of 
shipments necessarily must be limited. 

(2) Co-ordination Between Rail and Air Services 

By comparing Fig. 1, Map of Air Transport Lines, with Fig. 2, Map of Principal 
Railroad Lines in the United States, the necessity for co-ordination of air and rail facil- 
ities is evident, in order that advantage may be taken of the time-saving features of the 
air lines and the wide distribution of traffic of all sorts which can be secured only through 
the use of the railroads. Six air lines have scheduled air-rail connections. These con- 
nections are made at Cleveland, Columbus, Dallas, Fort Worth, Detroit, Miami, Kansas 
City and Portland, Oregon, and permit a traveler to reach his destination by a combina- 
tion of air and rail facilities. This is shown in greater detail on tabulation appended 
hereto. At Columbus, the airport (Port Columbus) adjoins the railroad station; at 
Miami the Air Line provides scheduled ground transportation between the airport and 
the rail station; at Dallas the Air Line provides for ground transportation by taxi-cab. 
At the other points no ground transportation between airport and rail station is pro- 
vided, it being necessary for the ’traveler to make use of available means. 

A further co-ordination between rail and air facilities is provided at many large cities 
through scheduled bus or limousine service between rail terminals and airports, without, 
however, any co-ordination of rail and air schedules. 

The most important co-ordination of rail and air services is for mail. The trans- 
portation of mail from the postoffice or railroad station to the airport is usually handled 
by postoffice equipment. 

The Railway Express Agency furnishes co-ordinated air-rail express service through 
contracts with certain air transport lines operating between New York, San Francisco, 
Los Angeles and Seattle, via Chicago, Omaha and Salt Lake City; also from Chicago to 
Dallas as well as on certain connecting lines. In this way the Railway Express Agency 
provides aU-air express between points served by the above air lines and a combination 
of air and rail express to all points in the United States, using their own trucks for pick- 
up and delivery. At the present time this is the outstanding example of air-rail co- 
ordination. Certain air lines, other than those having contracts with the Railway Express 
Agency, have joined together under the name of the General Air Express for handling 
all-air express matter, using Postal Telegraph Company Messenger for pick-up aUd de- 

Sm other air companies handle 
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air express in a similar way using the Western Union Telegraph Company for pick-up 
and delivery. Another combination is through contracts now pending between seven air 
lines and the Railway Express Agency for handling by rail air express shipments that 
cannot go forward by plane on account of cancelled or interrupted flights, 

The Railway Express Agency started their air express service September 1, 1927, and 
this has since been extended to cover about 10,000 air miles. A shipper may deliver a 
package at his store door or home to a Railway Express Agency truck for shipment via 
air express and it will be delivered by another Railway Express Agency truck at its 
destination anywhere in the United States through the co-ordination of air and rail facil- 
ities. The Railway Express Agency publishes its own tariffs for air express and the 
through charges are made up by the sum of the individual rail and air tariffs. The 
ground transportation between airports and the Railway Express Agency’s distributing 
points in the different cities adjoining the airports used is provided by the air lines. 
Express packages are limited to a weight of 200 lbs., or a combined length and girth of 
106 inches, unless special arrangements have been made in advance for larger packages. 
The contract with the air lines provides that the Air Company shall transport promptly 
all of the normal amount of express business procured by the Railway Express Agency, 
and that in the event express matter offered for any particular schedule cannot be car- 
ried on that schedule, the remainder will be forwarded on the next available one. In 
the event, however, that the next available schedule is uncertain on account of heavy 
movement of mail, accident, weather conditions or other unavoidable conditions, such 
excess express matter as can be delivered with equal promptness by all-rail express, or 
combination rail and air express, shall be pron^tly returned to the Railway Express 
Agency. Also, if air express is so delayed that it reaches its destination no faster than 
it would have by all-rail, a reftmd is made to the shipper for the difference in cost be- 
tween air express and all-rail express. The volume of air-express handled by the Rail- 
way Express Agency now amounts to about 100,000 lb. per annum and is rapidly growing. 

(3) Location of Airports in Co-ordination with Railway Facilities 

It will readily be realized that the most important factor in co-ordinating rail and 
air facilities is the time element involved in ground transportation between the rail head 
and the airport. Unfortunately, from a co-ordination standpoint, railroad stations are 
usually found in or near the center of the business section of a city while the airport 
must be located in the wide open spaces where there is sufficient room for landing and 
taking off of airplanes without obstructions such as buildings and pole lines. The re- 
duction to a minimum of the time required for ground transportation at the beginning 
and the end of an air trip is of great importance in passenger travel, particularly between 
cities less than 200 miles apart. For example, an important passenger and mail route 
between two cities in the east about 175 miles apart by air, operates on the following 
schedule: 

Hours Minutes 


From hotel in city “A” to airport (plane leaving time) 0 45 

Flying time 2 00 

From airport to hotel in dty ‘‘B”. : 0 30 

Total time between cSies 3 IS 


In this case the time on the ground is 1 hour and IS minutes, and in the air 2 hours, 
and with faster planes the flight time would be reduced Hsaiada% w^il^out a correspond- 
ing decrease in the time required for ground transportation. It is th^efore of great im- 
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portance to bring the airport and the railroad station as close together as possible, 
either in location or through quick ground transportation. 

There are several ways in which the rail station and the airport may be connected, 
as follows: 

(a) Airport located in direct contact with the railroad station, permitting direct 
and quick interchange between rail and air. There are now but three examples of this 
method (see tabulation attached) . 

(b) Airport located adjacent to the railroad tracks but at a distance from a rail- 
road station suitable as a point of interchange, transportation between the railroad sta- 
tion and the airport being furnished by scheduled rail service. In this case special rail 
cars would ordinarily be used for ground transportation. It might be necessary to run 
a short sidetrack into the airport in order to secure close co-ordination. At the present 
time there are no examples of this method. The disadvantages of this method and of 
method (a) above, lie in the obstructions to flying caused by rail operations and by pole 
lines usually found along the railroad right of way, and in some cases in the interference 
of the special rail service with dense through rail traffic. While a rail connection between 
the railroad station and the airport could be expected to reduce the time of ground 
transportation to a minimum, it usually will be found that the expense is materially 
greater than if highway transportation were used, due to the first cost of special rail 
equipment and the train crew requirements, and in some cases to necessary signal pro- 
tection. 

(c) Airport and railroad station separated, ground transportation for passengers 
between the two by means of buses or limousines operating on a published schedule. 
Ground transportation for mail and express by truck as required. In this method it 
becomes highly desirable to select highway routes that are well paved and on which fast 
time can be made. Some companies, formerly using buses, now use seven passenger 
limousines as better time can be made through dense city traffic with the limousines and 
it is necessary to operate only a sufficient number of cars to meet the demands of any 
particular trip. Whether or not the air and rail schedules are co-ordinated the ground 
transportation should be operated on a published schedule. There are a large number 
of instances of this sort of hook-up between rail and air facilities as shown on the 
tabulation attached hereto. In all cases the ground transportation is furnished by the 
air line, either directly or through contract with bus or limousine operators, but air line 
tickets are sold either at a railroad ticket window or a special ticket window of the air 
line, located in the railroad station, and the bus or limousine operates from a convenient 
point in the railroad station or immediately adjacent to it. 

(d) Ground transportation between railroad station and airport provided by the 
air line through arrangement with Taxi-Cab Companies. Usually the ground transpor- 
tation is charged for separately. 

(e) Air schedules arranged to connect with through train service to certain points, 
either with or without ground transportation furnished by the air line. Six air lines 
schedule such connections at eight (8) points. 

(4) Design of Airports in Co-ordination with Railroad Facilities 

As far as the design of the airport for air service is concerned, no special feature 
is necessary because of rail co-ordination, and this report does not deal with this feature. 
The Secretary of Commerce has by law the power to provide for the examination and 
rating of air navigation facilities available for the use of air craft of the United States, 
suifeaMlity^ ff^^ use. The term “air navigation facility” includes any air port. 
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emergency landing field, light or other signal structure, radio direction finding facility, 
radio or other electrical communication facility and any other structure or facility used 
as an aid to air navigation. Airport rating regulations are published from time to time, 
the latest at hand being Aeronautics Bulletin No. 16, effective as amended July 1, 1932. 
It is not obligatory for an air port to apply for a rating unless so required by the laws 
of the State in which it is situated. The Aeronautics Branch of the Department of 
Commerce does regulate the interstate carriage of passengers by air from the standpoint 
of safety of these passengers, and before starting operations it is necessary for an air 
line to obtain a certificate from the Department of Commerce and this certificate is 
issued only if the facilities of the air ports to be used are approved by the Department, 
The bulletin referred to shows the requirements' as to landing strips and it will be noted 
that for a “T” rating (transport rating) a considerable area is required. 

An airport co-ordinated with rail facilities need provide for its rail passengers only 
those facilities required for all-air passengers, that is, a waiting-room and ticket af&ce 
where passengers may be received and put on planes in the quickest possible time. For 
handling mail and express interchange it is only necessary to provide for bringing the 
trucks close to the plane side. If the air and rail facilities are located in direct contact, 
as in method 3 (a), it should be possible for passengers to walk from the rail station 
to the airport office and plane leaving point in a minimum of time. If a sidetrack 
is run into the airport, as under method 3 (b), again it is important to have the rail 
discharging point immediately adjacent to the airport office and loading point for 
planes. If the ground transportation is by automobile, the cars should discharge their 
passengers directly at the airport waiting-room. Tickets usually must be inspected 
before passengers board a plane and it is necessary to provide porters to handle and 
weigh baggage. 

At a railroad station co-ordinated with an airport, as under 3 (a), (b) and (c), 
(scheduled ground transportation being furnished), tickets should be sold at the ticket 
windows; an. “usher” or “conductor” will be required, particularly under method (c), 
to check passengers’ baggage and see that the passengers are loaded into whatever con- 
veyance is provided for ground transportation. At large rail terminals, where ground 
transportation is by automobile, a convenient loading place must be provided with a 
porter to handle and stow away the baggage. This loading point should preferably be 
under cover and as near as possible to the ticket window. 

(5) Advantages to be derived from Air-Rail Co-ordination 

Except for a limited number of rail-air connections, there is now no co-ordination of 
schedules to permit quick through service by means of the two methods of passenger 
travel. Each facility, air and rail, is organized entirely independent of the other and 
the air lines do not have the advantage of the close cooperation that exists between the 
railroads. The complaint of the air traveller today is that he does not have information 
available which will tell him how he can get to his destination in a minimum of time 
by the use of existing air and rail facilities, and that due to the recognized uncertainty 
of air schedules, due to weather conditions, he may find his journey interrupted or de- 
layed to the extent that he would have made much better time by all-rail. If there is 
to he any widespread use of air facilities, other than for flights between important cities 
where there is sufficient air travel to support such lines, the railroads must be used for 
a portion of the journey and it should be possible for a passenger to lay out his trip in 
advance and know that connections between rail and air facilities can be made without 
undue delay, or, in case flying must be interrupted due to bad weather, to know this a 
reasonable time in advance of reaching the airport so that he can replace his air trip 
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with a rail trip without uiniue delay. The railroads are in the best position to provide 
co-ordinated service because oi their terminal facilities and organization. For example, 
through such co-ordination a passenger may be told in advance whether or not the plane 
on which he has engaged a seat will fly and in case the flight cannot be made he can be 
put on a train for a part or the whole of his journey without the inconvenience of 
arriving at the airport only to find that the flight will not be made. The present un- 
certainties of air travel, because of "weather conditions, are shown by the fact that at 
one airport in the east only 75 per cent of the scheduled flights were made during the 
year 1931. At another airport, more favorably situated in respect to weather, 90 per 
cent of the scheduled flights were completed during the year ending July 2, 1932. 

The best example today of air-rail co-ordination is that of the Railway Express 
Agency, and similar service which will permit passengers to make free use of both 
methods of travel would be a distinct advance in the art of transportation. 


CO-ORDINATION OF AIR AND RAIL FACILITIES FOR PASSENGER SERVICE 

(a) Direct Air to Rail Interchange 

Port Columbus, Ohio, on the Pennsylvania Railroad. 

American Airways Inc., Central Division, on route Nashville-Cleveland. 

Transcontinental & Western Air Inc., on routes, Amarillo-Columbus, Kansas 
City-New York and Columbus-Chicago. 

Milwaukee Municipal Air-Marine Terminal — Milwaukee, Wis., Chicago & 
Northwestern Railway Station adjacent thereto. 

Kohler Aviation Corp., on routes, Milwaukee-Grand Rapids, Lansing and 
Detroit. 

Dudley Waters Cassard Airport, Grand Rapids, Mich., on the Michigan Central 
Railroad. 

Kohler Aviation Corp., on routes, Milwaukee-Grand Rapids and Detroit-Grand 
Rapids. 

(b) Rail Terminal and Airport Connected by Special Rail Service 

None under this classification at the present time. 

(c) Rail Terminal and Airport Connected by Bus or Smaller Automobiles 
Running Under Definite Schedules to Connect with Air Service 

Newark Airport, Newark, N. J. 

American Airways Inc., Colonial Division, on routes, New York-Boston and 
New York-AIbany. 

Chartered car transports passengers between the Hotel Commodore 
adjacent to the Grand Central Terminal, N. Y. C. R. R., New York 
City and the Airport. 

Eastern Air Transport Inc., on routes, New York— Atlantic City, New York- 
Miami and New York-Jacksonville. 

Buses leave 32nd Street entrance of the Pennsylvania Hotel di- 
rectly opposite the Pennsylvania R. R. Station, New York City, 45 
minutes before plane departure for the Airport. 

Ludington Airlines Inc., on route, Washington-New York, 

Cars leave the Pennsylvania R. R. Station in New York City on 
the hour from 7 AM to 6 PM for the Airport and arrive at the Penn- 
sylvania R. R. Station in New York City, hourly from 10:40 AM to 
8:40 PM from the Airport. This service is supplied by a local car 
renting concern for the Ludington Co. 

Martz Airlines, on route, New York-Buffalo. 

Martz Airlines’ bus leaves 32nd Street, entrance of the Pennsylvania 
Hotel, directly opposite the Pennsylvania Railroad Station in New 
York City, 45 minutes before plane departure, for the Airport. 
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Transcontinental & Western Air Inc., on route, New York-E^nsas City. 

Chartered limousine departs from the Pennsylvania Railroad Sta- 
tion in New York City, one hour prior to plane departure, for the 
Airport. 

Logan Field, Baltimore, Md. 

Ludington Airlines Inc., on route, Washington-New York, Ludington car leaves 
Pennsylvania R. R. City Ticket Office, on the hour for the Airport. 

Municipal Airport, Chicago, III. 

Transcontinental & Western Air Inc., on route, Columbus-Chicago. 

Airline Motor Coach Co., car leaves Travel Shop of the Pennsyl- 
vania Railroad, 334 N. Michigan Ave., Chicago, 111., one hour before 
s^eduled departure of planes, for the Airport. 

Pan American Seaplane Base, Dinner Key, Fla. 

Municipal Airport, Brownsville, Tex. 

Pan American Airways Inc., on routes, Miami-West Indies-Central and South 
America and Brownsville-Mexico-Central America. 

At Miami transfer of passengers is made from train to plane 
through the use of specially constructed aero-cars (trailers hitched to 
passenger autos) which meet the trains. Air-rail connection is made 
with a Florida East Coast Railway train to and from Jacksonville, 
Cincinnati, St. Louis, Detroit, Cleveland and Chicago. 

At Brownsville, passengers are transported between the Southern 
Pacific and Missouri Pacific R. R. Station and the Airport, in Pan 
American cars. 

English Field, Amarillo, Tex. 

Air Mail Field, El Paso, Tex. 

Municipal Airport, Cheyenne, Wyo. 

Western Air Express, on routes, Cheyenne-El Paso and Pueblo-Amarillo. 

Bus service is available between the railroad stations and the 
airports. 

(d) Ground Transportation Between Rail Station and Airport Provided by 

the Air Lines Through Arrangement with Taxi-Cab Companies 

Harrisburg Airport, Harrisburg, Pa. 

Transcontinental & Western Air Inc., on route, Kansas City-New York. 

Cab departs from the Pennsylvania R. R. Station in Harrisburg, for 
the airport. No set schedule. 

Municipal Airport, Chicago, III. 

Municipal Airport, Iowa City, Iowa. 

Municipal Airport, Des Moines, Iowa. 

Municipal Airport, Omaha, Nebr. 

Municipal Airport, Lincoln, Nebr. 

Municipal Airport, North Platte, Nebr, 

Stevens Field, Rock Springs, Wyo, 

Keddie Field, Elko, Nev. 

Hubbard Field, Reno, Nev. 

Municipal Airport, Sacramento, Cal. 

Rickenbacker Field, Sioux City, Iowa. 

^ Sioux Falls, S. D. 

Watertown, S, D. 

Boeing Air Transport Inc., on routes, San Francisco-Chicago and Omaha- 
Watertown. 

Passengers are transported between airports and railroad stations. 
This service is supplied by the Boeing Air Transport. 

Fairfax Airport, Kansas City, Mo. 

Braniff Airways Inc., on route, Oklahoma City-Kansas City. 

Passengers are transported between the Union Depot in Kansas 
City and the airport. This transportation is supplied by the Braniff 
Airways. 
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MuNicrPAL Airport, Tulsa, Okla, 

Love Field, Dallas, Tex. 

Winburn Field, San Antonio, Tex. 

Bowen Air Lines Inc., on routes, Dallas-Fort Worth^Tulsa and San Antonio- 

Fort Worth. . „ . . _ , 

Passengers are transported between the Frisco Station in Tulsa and 
the Municipal Airport— the Missouri Pacific— Texas Pacific and Kansas 
Railroad Stations in Dallas and Love Field— the Missouri Pacific Sta- 
tion in San Antonio and Winbum Field. This transportation is sup- 
plied by various cab companies which have arrangements with the 
Bowen Air Lines. 

At Dallas, Texas, air-rail connection is made with M. K. & T. Line 
trains from San Antonio, Texas, and Houston, Texas. 

Municipal Airport, Cheyenne, Wyo. 

Western Air Express, on route, San Diego-Seattle. 

Passengers are transported between the railroad station in Cheyenne 
and the airport. This transportation is supplied by the Western Air 
Express, which have arrangements with Cab Company. 

Glendale Air Terminal, Los Angeles, Cal. 

Gilpin Air Lines, on route, Agua Caliente-Los Angeles via San Diego. 

Passengers are transported between the Southern Pacific Station in 
Glendale or to the Southern Pacific or Santa Fe Stations in Los Angeles 
and the airport. This transportation is supplied by a cab company un- 
der contract with the Gilpin Air Lines. 

Lindbergh Field, San Diego, Cal. 

Gilpin Air Lines, on route, Agua Caliente-Los Angeles Via San Diego. 

Passengers are transported between the railroad station in San 
Diego and the airport. A taxi concern supplied this transportation for 
the Gilpin Air Lines. 

Municipal Airport, Denver, Colo. 

Municipal Airport, Colorado Springs, Colo. 

Municipal Airport, Pueblo, Colo. 

T. & W. A. Airport, Albuquerque, N. M. 

Air Mail Field, El Paso, Tex. 

English Field, Amarillo, Tex. 

Western Air Express, on routes, Cheyenne~EI Paso and Pueblo-Amarillo. 

Passengers are transported between the railroad stations and the air- 
ports. This transportation is supplied by various cab companies which 
have arrangements with the Western Air Express. 

(e) Air Schedules Arranged to Connect with Through Train Service to 

Certain Points 

Municipal Airport, Cleveland, Ohio. 

Port Columbus, Columbus, Ohio. 

American Airways Inc., on route, Boston-New York-Dallas-Fort Worth-Los 
Angeles-San Diego. 

At Cleveland, Ohio, air-rail connection is made with the N. Y. C. 
R. R. train to and from New York, Boston, Albany, Springfield and 
Hartford. 

At Port Columbus, Ohio, air-rail connection is made with the 
Penn. R. R. train to and from New York, Newark, Washington, Balti- 
more, No. Philadelphia, Harrisburg and Pittsburgh. 

Love Field, Dallas, Tex. 

Municipal Airport, Fort Worth, Tex. 

Bowen Air Lines Inc., on route, Tulsa-Oklahoma City-Dallas-Fort Worth- 
Houston-Austin-San Antonio. 
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^ At Balias, Texas, air-rail connection is made with M, K. & T. Line 
trains from San Antonio, Texas, and Houston, Texas. Passengers are 
transported between Love Field and the M. K. & T. Ry. station in 
Dallas. This transportation is supplied by a Cab Company which has 
arrangements with Bowen Air Lines. 

At Fort Worth, Texas, air-rail connection is made with night 
trains for east, west and south Texas. No ground transportation is 
furnished. 

Kohler Aviation Corp., Air Marine Terminal, Detroit, Mich. 

Kohler Aviation Corp., on route, Milw^aukee-Grand Rapids-Detroit. 

At Detroit, Mich., air-rail connection is made with Michigan Cen- 
tral Railroad trains to and from New York, Buffalo and Boston. No 
ground transportation is furnished. 

Pan American Seaplane Base, Dinner Key, Fla. 

Pan American Airways Inc., on route, Miami-Cuba-Mexico-Central America- 
South America. 

At Miami, Fla., Air-Rail connection is made with a Florida East 
Coast Ry. train to and from Jacksonville, Cincinnati, St. Louis, De- 
troit, Cleveland and Chicago. Transfer of passengers is made from 
train to plane through the use of specially constructed aerocars (trailers 
hitched to passenger autos) which meet the trains. 

Municipal Airport, Kansas City, Mo. 

Transcontinental and Western Air Inc., on route, Chicago-Los Angeles. 

At Kansas City, Mo., air-rail connection is made with trains to 
and from Chicago. No ground transportation is furnished. 

Municipal Airport, Cleveland, Ohio. 

National Air Transport Inc., (United Air Lines), on route, New York-Chicago. 

At Cleveland, Ohio, air-rail connection is made with a N. Y. C. 
train to and from New York. No ground transportation is fumidied. 

Municipal Airport, Portland, Ore, 

Varney Air Lines Inc., (United Air Lines), on route, Seattle-Portland-Pasco- 
Salt Lake City. 

At Portland, Ore., air-rail connection is made with Northern 
Pacific night train from Seattle and Tacoma, for passengers destined 
for Chicago, Cleveland or New York. No ground transportation is 
furnished. 


Appendix E 
(9) SCALES 

M. J. J. Harrison, Chairman, Sub-Committee; J. E. Armstrong, A. Bousfield, A. W. 
Epright, L. W. Fuller, E. D. Gordon, E. M. Hastings, H. 0. Hem, E. K. Lawrence, 
H. L. Ripley, H. M. Roeser, E, P. Vroome. 

As a part of its current report, your Committee is recommending a revision of a 
part of Section VI — ^Test Weight Cars, of the “Rules for the Location, Maintenance, 
Operation and Testing of Railway Track Scales” (pages 1032-1034, 1929 Manual). With 
a view to revising the remainder of this Section at some future time, thereby bringing 
the entire Section up to date, your Committee herewith submits — 

(a) Rules for the Maintenance and Transportation of Track Scale Test Wei^t Cars. 

(b) Definition of a Standard Test of a Railway Track Scale. 

Preliminary work incident to the preparation of this material was performed by and 
under the auspices of the National Scale Men’s Association, and members of your Com- 
mittee were actively identified with such work. Since approval of this material by its 
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originating association, both the “Rules” and the “Definition” have been critically re- 
viewed by your Committee, and revised in some details. In their revised form, the 
“Rules” and the “Definition” are herewith presented as information. 


RULES FOR MAINTENANCE AND TRANSPORTATION OF TRACK SCALE 
TEST WEIGHT CARS 


Foreword 


The purpose of these rules is to establish uniform practice in the maintenance and 
transportation of track scale test weight cars, to the end of securing uniformity in the 
quality of track scale test results. The rules are intended to cover aU phases of test 
weight car operation except those incident to testing technic. They are applicable to all 
cars intended to be maintained at a definite weight, and which are used as standards of 
mass in testing track scales in either railway or industrial service. For brevity, such cars 
will be designated subsequently throughout these rules as “Test Weight Cars”. 


1. Classification 

The circumstances of use require that test weight cars be classified into two major 
groups, namely, “Road Test Weight Cars” and “Terminal Test Weight Cars”. 

(a) Road test weight cars are those required by the circumstances of use to be 
handled normally in road-haul movements over a considerable territory, in the course 
of which interchange rules may become applicable. 

(b) Terminal test weight cars are those whose field of use is normally within the 
switching limits of a given locality. 

(Note. — ^The distinction between (a) and (b), above is ordinarily but not neces- 
sarily one of ownership. Railway owned test weight cars will be usually within the first 
class, and industrially owned cars in the second. Attention is directed to the fact that 
interchange rules do not require air-operated brakes on test weight cars.) 

2. Weight Control 

(a) General. — ^AU test weight cars are required to be maintained accurately to their 
designed or nominal weight values. For this purpose, each car shall be verified and cor- 
rected as often as may be required, by comparison with the standards of the United 
States on a scale designated as a master scale by the National Bureau of Standards. A 
test weight car shall be considered unsatisfactory as a standard of mass when its actual 
weight differs from the nominal weight value by more than sixteen (16) pounds in 
excess or deficiency. 

(Note. — ^The foregoing paragraph is intended for literal application within the United 
States. Within the Dominion of Canada and the Republic of Mexico, it should govern 
as to permissible limits of variation unless modified by existing law or Governmental 
regulation.) 

(b) Responsibility eor Weight Control. — ^The scale inspector in charge of each 
car shall be responable for its weight control in the interval between successive verifica- 
tions. It shall be his duty to supervise all repairs and recommend advisable modifica- 
tions, in addition to and in anticipation of M.C.B. Rules. He shall personally weigh all 
parts removed and materials added when minor repairs are made enroute between verifi- 
cations. He shall either attend personally to lubrication or supervise it. Since lubrica- 
tion is an important factor in weight control, varying in degree with different cars, he 
shall, with due regard for the requirements of each case, take necessary measures to 
maiht^ an adequate supply of lubricant and to keep the weight of the car within the 
prescribed limits of variation. 

(c) Frequency of Verification Recommended. 

(1) The frequency required for verifications of a given test weight car will depend 
upon circumstances of use. Generally, road cars will require verification more frequently 
than ternoinal cars. The normal frequency required for any particular case can be 
determined only by experience. 

^ (2) Road test weight cars, which cover definite territory periodically, should be 
verified at the beginning and end of each itinerary. If the interval between the end of 
one ^^inerary and the beginning of the next is reasonably short, the verification which 
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would normally precede the next itinerary may be omitted. This recommendation pre- 
sumes that each itinerary can ordinarily be completed without the weight variations 
resulting from normal use being in excess of the allowable variation. 

(3) Except in special cases where facilities for local control are exceptionally good, 
twice yearly should be considered the minimum frequency for verification of terminal 
test weight cars, 

(d) Vesication Following Repairs. — Any test weight car should be verified 
following major repairs for damage or wear, and following repairs or alterations of any 
kind which involve weight changes that cannot be confidently controlled by weighing 
material removed and applied. 

(e) Classification of Repairs. — ^Repairs to test weight cars may be classified as 
either major repairs or minor repairs. 

(1) Major repairs are those of such nature and extent that, following their coin- 
pletion, verification of the test car weight is required to establish its suitability for use. 
They include removal and/or repair and/or replacement of wheels, axles, roEer bearing 
assemblies, journal boxes, draft gear and couplers; replacement of lost or destroyed parts 
whose weight is unknown or whose replacement is likely to cause a weight variation 
greater than that allowable; repairs of a general nature subsequent to damage by de- 
railment, collision, or the hke; and painting. 

(2) Minor repairs may include lubrication, and replacement of bolts, nuts, grab 
irons, air hose, air hose fittings, knuckles, brake rigging, journal brasses, springs, or other 
parts which either are of known weight or can be weighed on removal and replaced with 
parts of known weight. 

(3) Record of Repairs. — historical record describing the nature of all repairs 
should be maintained. When minor repairs are made and the weight control is main- 
tained by weighing the material removed and applied, the record should itemize parts 
and weights. 

(f) Semi-Elliptical Springs. — ^If a test weight car is equipped with semi-elliptical 
springs, each spring, when installed, should have its weight stamped or otherwise per- 
manently marked on the band. If spare springs are carried, each should be marked 
with its weight. 

(g) Air Equipment. — ^Test weight cars equipped with air-operated brakes should 
have the equipment inspected, cleaned, repaired if necessary, lubricated and stenciled at 
the time of verification. In any event, such work must be done at such periods that 
expiration of the interval allowed as a maximum by M.C.B. Rules for operation without 
reinspection will not occur while a car is on a testing trip. 

(h) Removing Foreign Material. — ^Test weight cars carrying accumulations of 
snow, ice or sleet must not be used. Frozen matter may be removed by placing the 
car in a heated building or by using steam, but not by the use of salt or chemicals. Oil 
and dirt on the car wheels should be removed by suitable means. Accumulated moisture 
in closed compartments must be removed whenever circumstances require. 

(Note. — All compartments and recesses should be made self-draining.) 

(i) Painting. — ^Test weight cars should be kept well painted. The finish should 
have a gloss that can be restored by applying available forms of vehicle polish. Chipped 
portions of the paint surface should be retouched at times of verification. 

(j) Surplus Lading. — ^Articles such as car movers, tools, tool boxes, personal effects, 
etc., must not be included in the nominal weight of a test weight car. One metal chock 
per car may be so included. 

(k) Inspection Preceding Test. — Test weight cars must be examined by the in- 
spector in charge immediately before each test, with a view to detecting damaged or 
missing parts or the unauthorized substitution of parts. 

(Note. — ^A common operating difficulty is the making of running repairs, such as 
replacement of brake shoes, knuckles, air fittings, etc., witiiout notification to the scale 
inspector who is responsible for weight control. It can be offset only by strict vigilance 
and discipline.) 

(l) Date of Latest Verification. — ^This shall be stenciled on both sides of the car. 
3. Transportation 

Yard Handling. — ^Test weight cars should be protected from rough handling at aU 
times. Those equipped with roller bearings should not be “humped” without warning 

A 
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against runaways to the hump foreman and switching crews. Impacts at greater speeds 
than two miles an hour should be avoided. When uncoupled from a train or cut of cars 
in motion, the brakes should be manned and, after motion has stopped, firmly set. 


DEFINITION OF A STANDARD TEST OF A RAILWAY TRACK SCALE 

1. Test Equipment.— A Standard Test Car, as the term is used herein, is a Test 
Weight Car which is constructed, operated and maintained accordng to the applicable 
specifications and rules adopted by the American Railway Engineering Association. 

2. Test Car Positions.— The sections of a railway track scale are numbered 1, 2, 3, 
etc., from left to right when standing at the weigh-beam and facing the scale deck. 
Normal positions of a test car are designated in order from left to right as — IR, 2L, 2, 
2R, 3L, 3, 3R, etc., the numbers representing the sections and the letters, when affixed, 
indicating that the body of the car lies to the left or right of the section with one pair 
of wheels directly over the section. The following are standard combinations of normal 
test car positions (taking a four-section scale as an example), any one of which combi- 
nations may be used when making a standard track scale test: 

(a) IR, 2, 3, 4L. 

(b) IR, 2L, 3R, 4L. 

(c) IR, 2L, 2R, 3L, 3R, 4L. 

When testing end sections, the test car ^all be spotted as near as practicable to the 
end of the scale rails. When testing a two-section scale, the standard combination of 
normal test car positions is: 

IR, Center, 2L. 

3. Zero Load Balance. — ^Any out-of-balance condition of the scale shall be noted 
by the scale inspector upon his arrival, and the amount thereof be recorded on the report 
form. After correcting the out-of-balance condition, if any, and before any adjustment 
or repairs are made, the scale shall be tested as outlined herein. The zero load balance 
shall be checked after each run of each test car across the scale, and any out-of-balance 
condition thus found shall be corrected, and the amount thereof shown on the test re- 
port. This correction shall be made by moving the balance ball or other balancing acces- 
sories of the weigh-beam. The scale indications shall be read to the nearest 10 lb., and 
the several readings shall be so recorded on the report form as clearly to indicate that 
they represent the weighing condition of the scale “as found” or “as left”. 

4. SENSiBiLiTy-RECiPROCAL.— The sensibility-reciprocal (SR) is the change in load 
required to turn the weigh-beam from a horizontal position of equilibrium in the center 
of the trig loop to a position of equilibrium at either limit of its travel. In the case of 
track ^les, the construction of which includes a weigh-beam and multiplying indicator 
connected thereto, the condition of balance of which is shown by the position of the 
indicator with reference to the center of a series of graduations, and where the total 
movement of the indicator exceeds one-half inch, the SR is the change in load required 
to move the indicator tip one-fourth inch from its normal position of balance to a new 
position of equilibrium. 

5. ^ Classification of Tests. — ^Standard track scale tests are classified as follows, 
according to the character of testing equipment used: — 

Standard Graduated Test. — ^A standard graduated test is one made with two stand- 
ard test cars weighing, respectively, not less than 30,000 lb. and not less than 80,000 lb. 
The weight of the l^t car should approximate one-half the weight of the heavy car. 
The standard test procedure is as follows: — 

(1) Spot one test car at each of the predetermined test positions, and record both 
the scale indication and the error for each such position. 

(2) Spot the other test car at each of the predetermined test positions, and record 
both the scale indication and the error for each such position. 

(3) Spot both test cars on the scale rails, separated by such distance or distances 
as will result in a condition of loading approximately equivalent to that produced by a 
freight car, and record the positions, the scale indication, and the error. 

(4) ^ispect scale, reniove binds, do any practicable repair work, and make any 
advisi^ble ad j ustments^ 
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(S) If any defective condition is corrected or any adjustment made, repeat tests 
Nos. 1, 2 and 3, reversing the positions of the cars in test No. 3 when practicable. 

Single-Load Test — Standard Form. — ^The standard form of single-load test is one 
made with one standard lest car, the weight of which is not less than 80,000 Ih. The 
standard test procedure is as follows: — 

(1) ^ Spot test car at each of the predetermined test positions, and record both the 
scale indication and the error for each such position. 

(2) Inspect scale, remove binds, do any practicable repair work, and make any 
advisable adjustments. 

(3) If any defective condition is corrected or any adjustment madOj repeat test. 

Single-Load Test — Secondary Form. — ^The secondary form of single-load test is 

one made with a test car, the weight of which is less than 80,000 lb. and/or the length 
of whose wheelbase exceeds seven feet. The test procedure is the same as that for the 
standard form of single-load test, but the test report must clearly indicate the weight 
of the test car and the length of its wheelbase. 

6. Scales with Automatic Weight Recording Attachments. — ^For scales equipped 
with automatic weight recording attachments, the test procedure specified herein should 
be followed with the attachment connected. If the errors found in this test exceed the 
tolerance applicable, or if routine use is made of the scale from time to time with weigh- 
beam only, the attachment shall be disconnected, the weigh-beam balanced, and the com- 
plete test procedure repeated. If the errors now found exceed the tolerances applicable, 
corrective adjustments shall be made to the scale proper, whereupon the automatic at- 
tachment shall be reconnected and the complete test procedure repeated. If the errors 
now found exceed the tolerances applicable, corrective adjustments shall be made to the 
automatic attachment. In no case shall any adjustment be made to the lever system of 
a track scale to correct for inaccuracy shown by the test to be contributed by Ae auto- 
matic attachment, or vice versa. The scale and automatic attachment must be indi- 
vidually correctly adjusted. 

7. Test Record. — ^The results of the test shall be recorded during the course thereof 
on a suitable report form. The foUoydng information shall be shown: — 

(a) Date of test and signature of inspector. 

(b) Full and complete identification of the scale. 

(c) Classification of test, as determined hereby. 

(d) Identification, nominal weight, and length of wheelbase of each test car used. 

(e) Balance condition and SR as found by the inspector upon his arrival. 

(f) Results of test before any adjustment or repairs are made, with readings and 
errors to the nearest 10 lb. 

(g) The amount of change in zero load balance after each run of each test car or 
cars across the scale. 

(h) The value of the SR under zero load and under maximum applied load. 

(i) Any defective condition found during inspection of the scale. 

0*) Any adjustment made to correct the weighing performance of the scale. 

(k) Any action taken at the time of the test to correct defective conditions found 
to exist in the scale mechanism or structure. 

(l) Results of test after making adjustment or correcting any defective condition in 
the scale mechanism or structure, with readings and errors to the nearest 10 lb. 

(m) Recommendations of the inspector, unless these are required to be made sepa- 
rately. 

(n) Any additional information required by the testing agency, and any imusual 
condition affecting the test. 

8. Tolerances. — ^Every track scale should be kept in the closest possible adjust- 
ment, and the weighing performance should be considered unsatisfactory when the scale 
is not maintained within the appropriate tolerance as herein set forth. 

The formally adopted tolerances to be allowed in excess or deficiency on all track 
scales except grain-weighing track scales are as follows: — 

(1) Manutacturers’ Tolerance. — ^The manufacturers’ tolerance to be allowed on 
the first field test, after installation corrections, of all new railway track scales shall not 
exceed 1/20 of 1 per cent, or 50 lb. per 100,000 lb., for any position of the test car load 
on the scale. The minimum test car load to be applied shall be 30,000 lb. 

The SR shall not exceed 50 lb. 

(2) Maintenance Tolerance. — ^The maintenance tolerance on track scales in com- 
mercial weighing service shall be — 
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(a) 2/10 of 1 per cent, or 2 lb. per 1000 lb. of test load, when one test car of 
seven-foot wheelbase or less is used, the tolerance to be applied to the largest mean of 
two errors found for different positions of the car not closer than similar positions on 
adjacent spans. In no case shall the error at any position exceed 3/10 of 1 per cent, 
or 3 lb. per 1000 lb. of test load. 

(b) 2/10 of 1 per cent, or 2 lb. per 1000 lb. of test load, when two standard test 
cars are applied on the scale at the same time and at positions not closer together than 
similar points on adjacent spans. 

(c) 2/10 of 1 per cent, or 2 lb. per 1000 lb. of test load, when the wheelbase of 
the test car exceeds seven feet. 

(d) 2/10 of 1 per cent, or 2 lb. per 1000 lb. of test load, on two-section scales. 

The SR shall not exceed 100 lb. 

(2-a) Maintenance Tolerances on Track Scales Equipped with Automatic 
Indicating or Weight Recording Devices. — ^When a track scale is equipped with an 
automatic indicating or weight recording attachment, and test is made with such attach- 
ment properly connected to the scale mechanism, the tolerances then to be allowed on 
the indications of the attachment shall be those specified herein for application when no 
attachment is used: Provided, however, That the minimum tolerance to be applied in 
sudi cases shall be the value of one of the minimum graduations. And provided further, 
That when the mechanism of the automatic attachment is displaced from_ its position of 
equilibrium, with a given load spotted on the scale rails, and then permitted to resume 
its position of equilibrium, the amount by which it fails to return to such position of 
equilibrium shall in no case exceed the value of one of the minimum graduations. 

Tolerance op Grain-Weighing Track Scales. — ^The “Grain Scale Specifications”, 
published as an appendix to “Rules for the Handling of Bulk Grain in Interstate Com- 
merce and the Filing, Investigation and Disposition of Claims for Loss and Damage inci- 
dent thereto”, issued pursuant to recommendation of the Interstate Commerce Commis- 
sion, prescribe the following tolerance for grain-weighing track scales: — 

“Railroad track scales used for weighing grain shall be maintained so that when a 
test load, consisting of a one-truck short wheelbase test car, standardized on a master 
scale, is used, the largest algebraic mean of any two errors found for different positions 
of the test truck shall not exceed one-tenth of 1 per cent, or one pound per thousand 
pounds of test load applied; provided, however, that no two errors shall be selected 
corresponding to positions of the test truck equal to or closer together than the distance 
between the sections of the scale. Moreover, the scale shall be corrected when it is found, 
on test, that the error exceeds one-tenth of 1 per cent of the test load applied for any 
position of the test load on the scale. The manufacturers tolerances on new scales shall 
be one-half of the above values. 

“The sensibility-reciprocal shall not exceed 50 lb. in any case.” 


Appendix F 

(10) BIBLIOGRAPHY OF RAILWAY STATIONS, YARDS, MARINE 
TERMINALS AND AIR-PORTS 

Compiled by E. E. R. Tratman 

(A) PASSENGER STATIONS AND TERMINALS 

Ba;itimore — ^Pennsylvania R. R. — ^Engineering News-Record, 1932, February 4, page 190. 

Boston — Boston & Maine R. R. — ^North Station — ^Bridge renewal and modernization — 
Engineering News-Record, 1931, November 5, page 718; Railway Age, 1932, March 5, 
page 390. — Snow fighting — ^Railway Engineering & Maintenance, 1931, November, 
page 956. — Special track and a switch construction — ^Railway Engineering and Main- 
tenance, 1932, February, page 101. 

Boston— South Station— Modernization— Railway Age, 1932, January 16, page 115. 

Chicago — ^Illinois Central R. R. — Suburban electric passenger terminal — Engineering 
N^ws-Reeordj 1931, September 3, page 360.— Train control and power operation of 
switdies — ^Journal Western Society of Engineers, 1931, October, page 343. 
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Chicago — ^Union Station — ^Post of&ce air-rights building over south approach — Engineer- 
ing News-Record, 1932, September 8, page 283; Journal Western Society of Engi- 
neers, 1931, October, page 257. — ^Ramps; “Concrete”, 1932, September, page 7.— 
Steam heat distribution system; Railway Age, 1932, October 15, page 539. 

Chicago — New Union station proposed by Mr. D’Esposito — Central Manufacturing Dis- 
trict Magazine, Chicago, 1932, July and August; Engineering News-Record, 1932, 
February 11, page 232. 

Cincinnati — ^Union Station — ^Engineering News-Record, 1932, February 4, page 189. — 
Bridge approach with continuous girders — ^Engineering News-Record, 1932, July 28, 
page 110. — Dome and truss design — ^Engineering News-Record, 1932, June 9, page 
817. — ^Platform roofs — ^En^eering News-Record, 1932, June 30, page 912. — ^Western 
Hills viaduct — ^Engineering News-Record, 1932, February 11, page 202. 

Dayton — ^Union station and grade separation — ^Engineering News-Record, 1931, Septem- 
ber 17, page 449. 

Fort Worth — ^Texas & Pacific Ry. — Station and grade separation — ^Railway Age, 1932, 
July 23, page 106; Engineering News-Record, 1931, December 17, page 961. 

Hamilton — Canadian National Rys. — ^Railway Age, 1932, August 20, page 247. 

Hamilton — ^Toronto, Hamilton & Buffalo Ry. — Canadian Railway & Marine World, 1932, 
April, pages 169 and 180. 

Montreal — Canadian National Rys. — ^Engineering News-Record, 1932, February 4, page 
190; Canadian Railway & Marine World, 1932, January, page 1; March, page 121. 

Montreal — Canadian Pacific Ry. — ^Park Ave. station — ^Railway Age, 1932, August 20, page 
246; Canadian Railway & Marine World, 1931, December, page 746. — Coach yard — 
Railway Age, 1932, April 16, page 650. 

Newark — ^Pennsylvania R. R. — ^Engineering News-Record, 1932, February 4, page 190; 
September 1, page 244. 

New York — ^Pennsylvania R. R. — ^Underpinning for post office air-rights building — ^Engi- 
neering News-Record, 1932, April 14, page 543; Railway Age, 1932, July 30, page 
147. 

New York — Subway railway stations, evolution of design — Civil Engineering, 1932, Octo- 
ber, page 605. 

Oklahoma City — ^Union station and Santa Fe station — ^Engineering News-Record, 1932, 
March 24, page 433. 

Paris — ^Eastern Ry. — ^New terminal with 30 station tracks — ^Railway Gazette (London), 
1932, June 24, page 905. 

Paterson — Erie R. R. — ^Passenger stations and track elevation — ^Railway Age, 1932, 
August 13, page 217. 

Philadelphia — ^Pennsylvania R. R. — Station and electrification — ^Engineering News-Record, 
1932, February 4, page 189; World Ports, 1931, page 1275. 

Regina — Canadian Pacific Ry. — Canadian Railway & Marine World, 1931, September, 
page 573. 

St. John — ^Union station — Canadian Railway & Marine World, 1931, October, pages 622 
and 647. 

Automobiles and tractors at stations — ^Railway Age, 1932, August 6, page 175. 

Coach yard — Canadian Pacific Ry. — ^Montreal — ^Railway Age, 1932, April 16, page 650. 

Coach yard — Erie R. R. — ^Paterson — ^Railway Age, 1932, August 13, page 217. 

Development of passenger terminals — ^Engineering News-Record, 1932, February 4, page 
157; Railway Age, 1932, March 12, page 448. 

Double-deck stations and approaches — Suggested by E. E. R. Tratman — ^Proceedings 
American Society of Civil Engineers, 1932, May, page 890. 

Economics of station design — Civil Engineering, 1931, October, page 1176. 

Joint Stations — Forms of agreement — ^Proceedings, American l^ilway Engineering Asso- 
ciation, 1932, page 74. 

Motor Coach terminal — ^New York — ^Railway Age, 1931, November 28, page 835. 

Motor Coach and train service — ^Baltimore & Ohio R. R., Reading R. R., and St. Louis 
Southwestern Ry. — ^Railway Age, 1932, February 27, page 367; March 26, page 530. 

Parking facilities — ^Proceedings, American Railway Engineering Association, 1932, pages 
125, 697, 702, 704. 

Platforms — ^Railway Engineering & Maintenance, 1932, August, page 502; Engineering 
News-Record, 1932, June 30, page 912; Proceedings American Railway Engineering 
Association, 1932, pages 110, 431, 677, 707. 

Ramps — Chicago Union station — ^“Concrete”, 1932, September, page 7. 
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Snow handling at terminals — ^Railway Engineering & Maintenance, 1931, November, 
pages 954 and 956; 1932, January, page 34. ^ 

Station buildings — ^Depreciation accounting — ^Proceedings, American Railway Engineering 
Association, 1932, page 614. 

Train sheds and platform shelters — ^Proceedings, American Railway Engineering Associa- 
tion, 1932, pages 424, 781. 


(B) FREIGHT STATIONS, TERMINALS AND YARDS 

Albany — Grain elevator at new port — ^Wood Preserving News, 1932, August, page 120; 
World Ports, 1932, July, page 744. 

Alexandria — ^Richmond, Fredericksburg & Potomac R. R. — ^Hump yard — ^Railway Age, 
1932, March 5, page 405. 

Buffalo — ^Produce terminal — ^Erie R. R. and New York, Chicago & St. Louis R. R. — Rail- 
way Age, 1932, May 14, page 814. 

Chicago — Chicago & Northwestern Ry. — ^Express station — Railway Purchases & Stores, 

1931, December, page 523.— Freight handling at Proviso terminal— Railway Age, 

1932, January 30, page 197. 

Cleveland — ^New York, Chicago & St. Louis R. R. — Food terminal — Civil Engineering, 
1932, June, page 364. 

Fort Worth — -Texas & Pacific Ry. — Freight terminal and warehouse— Engineering News- 
Record, 1931, December 17, page 961; Railway Age, 1932, July 23, page 106. 

Los Angeles— Pacific Freight Line— 30-ft. cantilever roof— Engineering News-Record, 
1932, May 5, page 669. 

Milwaukee — Chicago, Milwaukee, St. Paul & Pacific R. R. — ^Motor trucks replace trap 
cars — ^Railway Age, 1931, December 26, page 985. 

Minneapolis — Chicago, Burlington & Quincy R, R. — Banana warehouse — ^Railway Age, 

1931, December 19, page 931. 

Montreal— Canadian Pacific Ry. — ^Handling snow and ice in yards — ^Railway Engineering 
& Maintenance, 1932, January, page 34. 

New York— New York Central R, R.— West side terminal— Engineering News-Record, 

1932, February 4, page 189; Railway Age, 1932, October 15, page 530. 

New York — ^Inland terminal, New York Port Authority— World Ports, 1932, May, page 
477; July, page 709; Railway Age, 1931, October 10, page 575; Civil Engineering, 
1932, August, page 480; Engineering News-Record, 1932, February 4, page 190; 
September 22, page 358; Scientific American, 1932, October, page 226. 

New York — ^Lehigh Valley R. R. — ^Factory and warehouse — ^Engineering News-Record, 
1932, July 7, page 1; Architecture and Building, 1932, February, page 12. 

Paterson — Erie R. R. — Freight yard — ^Railway Age, 1932, August 13, page 217. 
Philadelphia— Pennsylvania R. R. — ^Produce terminal — ^World Ports, 1931, page 1235, — 
Livestock terminal — Railway Age, 1932, July 16, page 84. 

Stanley — ^New York Central R. R, (Ohio Central Lines) — ^Hump yard — Railway Age, 
1932, February 13, page 282. 

Toronto — Canadian Pacific Ry.— Engine terminal— Railway Age, 1932, April 16, page 649, 
Vancouver— -Canadian Pacific Ry. — ^Tunnel line to freight yards, replacing surface line — 
Canadian Railway & Marine World, 1932, September, page 451. 

Air-rights buildings — Chicago post office over Union Station approach— Engineering News- 
Record, 1932, September 8, page 283; Journal Western Society of Engineers, 1931, 
October, page 257. 

Air-righte building— New York post office over Pennsylvania R, R. station approach— 
Engineering News-Record, 1932, April 14, page 543'; Railway Age, 1932, July 30, 
page 147, 

Air-rights building— Warehouse and factory over New York yard of Lehigh Valley R. R. 
—Engineering News-Record, 1932, July 7, page 1. — Conveyance of title — ^Proceed- 
ings, American Railway Engineering Association, 1932, page 1Q4. 

Bufidings; depreciation accounting — ^Proceedings, American Railway Engineering Asso- 
ciation, 1932, page 614. 

Car-retarders— Economics in yard operation— Railway Age, 1932, July 2, page 3; Pro- 
ceedings, American Railway Engineering Association, 1932, pages 39, 115, 696, 698, 
702, 707. 
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Car retarders — ^Magnetic system (England) — ^Engineering News-Record, 1931, October 8, 
page 576; The Engineer (London), 1931, March 27, page 346; Bulletin of Interna- 
tional Railway Congress, 1931, November, page 942. 

Clearance diagrams for platforms — ^Proceedings, American Railway Engineering Associa- 
tion, 1932, page 110. 

Container system— Railway Age, 1931, October 10, page 546; December 19, pages 928 
and 954; 1932, April 23, page 703; July 16, page 70. 

Containers — ^Tests of foreign designs — Engineering News-Record, 1932, February 25, page 
294. 

Door-to-Door service— Boston & Maine R. R.— Railway Age, 1932, February 27, page 
369; April 16, page 661. — ^Illinois Central R. R. — Railway Age, 1932, January 23, 
page 170. — ^New England Lines — Railway Age, 1932, March 12, page 447. — South- 
western lines — ^Railway Age, 1932, April 23, page 694. — Long Island RR. — ^Railway 
Age, 1932, October 1, page 478. 

Elevators for motor trucks in warehouse — ^Engineering News-Record, 1932, September 
22, page 359. 

Engine terminals— Proceedings, American Railway Engineering Association, 1932, pages 
461, 467; Railway Age, 1932, April 16, page 649. 

Freight houses; door construction — Proceedings, American Railway Engineering Associa- 
tion, 1932, page 429. 

Freight houses; lighting — ^Railway Gazette (London), 1932, September 30, page 403. 

Freight houses; tracks at — ^Proceedings, American Railway Engineering Association, 1932, 
page 119. 

Freight stations; freight and transfer platforms — ^Proceedings, American Railway Engi- 
neering Association, pages 432, 435. 

Freight terminals; economics of union terminals — ^Proceedings, American Railway Engi- 
neering Association, 1932, page 701. 

Freight terminals — Developments — ^Railway Age, 1932, March 12, page 447. 

Freight terminals — Electric trucks — EWorld Ports, 1931, page 903; Railway Age, 1932, 
January 30, page 197. 

Freight yard; classification track spacing — ^Proceedings, American Railway Engineering 
Association, 1932, page 704, 

Freight yard — ^Flat switching by cable car in Germany — Engineering News-Record, 1932, 
February 18, page 246. 

Freight yard; hump design, profiles and grades — ^Proceedings, American Railway Engi- 
neering Association, 1932, pages 114, 115, 129, 696, 702, 704. 

Freight yard; lap switches — ^American Railway Engineering Association, 1932, pages 129, 
702. 

Freight yard; lighting systems — ^Railway Gazette (London), 1932, September 30, page 403. 

Freight yard operation — Paper by J. H. McDiarmid, Canadian National Rys.— Canadian 
Railway & Marine World, i931, December, page 751; Proceedings, American Rail- 
way Engineering Association, 1932, pages 129, 702. 

Freight yard operation — Foreign practice in classification yards — Bulletin of Interna- 
tional Railway Congress, 1932, February, page 143; March, page 208. 

Freight yard; retarder and rider systems — ^Proceedings, American Railway Engineering 
Association, 1932, pages 129, 696, 698, 702, 703. 

Freight yard; roller-bearing cars in gravity switching — ^Proceedings, American Railway 
Engineering Association, 1932, page 702. 

Freight yard; skids in retarder yards — ^Proceedings, American Railway Engineering Asso- 
ciation, 1932, page 702. 

Grain elevator design — ^Engineering New^s-Record, 1932, September 8, page 291. 

Icing cars — ^Proceedings, American Railway Engineering Association, 1932, page 120. 

Motor-truck terminal for railways at New York— Engineering News-Record, 1932, Sep- 
tember 22, page 359. 

Motor truck terminals — EWorld Ports, 1932, August, page 770. 

Motor trucking — ^Railway Age, 1932, February 27, page 369; April 16, page 661. 

Platforms — Proceedings, American Railway Engineering Association, 1932, pages 432, 
435, 677, 701. 

Produce terminal design— Proceedings, American Railway Engineering Association, 1932, 
pages 116, 704. 

Produce terminals— Buffalo — ^Railway Age, 1932, May 14, page 814. — Cleveland — Civil 
Engineering, 1932, June, page 364. — ^Philadelphia — EWorld Ports, 1931, page 1235; 
RaUway Age, 1932, July 16, page 84. 
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Scales, track; test cars and tests of scale pivots — ^Proceedings, American Railway Engi- 
neering Association, 1932, pages 134, 138, 700, 703. 

Scales, truck; at produce terminals — ^Proceedings, American Railway Engineering Asso- 
ciation, 1932, page 120. 

Sidings, oil; protection of — Proceedings, American Railway Engineering Association, 
1932, pages 112, 682. 

Snow and weed fighting in yards — Railway Engineering & Maintenance, 1931, November, 
pages 956 and 964; 1932, February, page 107; Railway Age, 1931, October 10, page 
542. 

Switching by cable car in flat yard, Germany — ^Engineering News-Record, 1932, Feb- 
ruary 18, page 246. 

Switching locomotive — 0:8:4 hump engine with reversible booster, London & North- 
western Ry. (England) — Bulletin of International Railway Congress, 1932, July, 
page 1450. 

Switching locomotives — Oil-electric — Railway Age, 1931, October 24, page 620; Decem- 
ber 12, page 983; 1932, March S, page 411; April 2, page 559; October 15, page 530. 

Team yar^; policing — ^Proceedings, American Railway Engineering Association, 1932, 
pages 119, 704, 

Tractor haulage at terminals — ^Railway Age, 1932, August 6, page 175. 

Tractor-trailer service at New York — Pennsylvania R. R. — Railway Age, 1932, Septem- 
ber 24, page 443. 

Transfer stations — ^European practice — ^Bulletin of International Railway Congress, 1932, 
June, pages 915, 937. 

Truck-and-train service — Chicago, North Shore & Milwaukee R. R. — Railway Age, 1932, 
May 28, page 916. 

Warehouses — ^Fort Worth — ^Texas & Pacific Ry. — ^Engineering News-Record, 1931, Decem- 
ber 17, page 961; Railway Age, 1932, July 23, page 106. — ^New York — Lehigh Valley 
R. R. — Engineering News-Record, 1932, July 7, page 1. — ^New York — Union inland 
terminal — World Ports, 1932, May, page 477; July, page 709; Railway Age, 1931, 
October 10, page 575; Civil Engineering, 1932, August, page 480; Engineering News- 
Record, 1932, February 4, page 190. 

Water supply — ^Proceedings, American Railway Engineering Association, 1932, page 770. 


(C) RAIL AND WATER TERMINALS 

Albany — EWorld Ports, 1932, July, page 744; Wood Preserving News, 1932, August, 
page 120. 

Cartagena, Colombia—Engineering News-Record, 1932, May 26, page 777. 

Chicago — Calumet-Sag project — ^Railway Age, 1931, November 14, page 740; Engineering 
News-Record, 1931, November 26, page 864. 

Colona Coal transfer dock and crane — ^Pittsburgh & Lake Erie R. R. — Engineering News- 
Record, 1932, September 8, page 299; Wood Preserving News, 1932, September, page 
136. 

Jersey City— Pennsylvania Dock & Warehouse Co.— Construction and operation— World 
Ports, 1931, page 1104; Railway Age, 1931, October 24, page 629. 

Lake Charles — ^New dock and sheds — ^Manufacturers Record, 1932, April 14, page 16 

Los Angeles— World Ports, 1932, July, page 610. 

Milwaukee — ^Municipal harbor development — EWorld Ports, 1931, page 1339. 

Newport News Coal pier and car dumper — Chesapeake & Ohio Ry. — ^Manufacturers 
Record, 1932, March 10, page 22. 

New Yorl^Pier terminals— Civil Engineering, 1932, August, page 479; World Ports, 
1932, September, page 875; Proceedings, American Railway Engineering Association, 
1932, page 117. ’ 

Philadelphia— Coal pier and car dumpers— World Ports, 1931, pages 1167, 1229 and 1235. 

Portland— World Ports, 1931, pages 875 and 892. 

Quebec— Wolfe’s Cove terminal and tunnel approach, Quebec Harbor Commission— 
Canadian Railway & Marine World, 1931, September, page 607; Engineering News- 
Record, 1932, May 19, page 716. 

San Diego— Pier shed with diagonal framing— Engineering News-Record, 1931, Decem- 
ber 31, page 1029. 

Seattle— Concrete pier— Engineering News-Record, 1931, December 10, page 914. 




Yards and Terminals 


201 


Southampton, England — Piers, docks and sheds — ^Engineering News-Record, 1932, March 
3, page 314. 

Stockton— World Ports, 1932, August, page 815; Engineering News-Record, 1932, August 
18, page 183. 

Tilbury, England— Floating landing stage for ocean liners, provides for 30-ft. tidal range 
—Engineering News-Record, 1932, July 28, page 106. 

Toledo — Coal and ore pier and car dumper-^hesapeake & Ohio Ry. — ^Railway Age, 

1931, December 5, page 855. 

Trenton— -World Ports, 1931, page 1275; 1922, August. 

Vizagapatam, India — ^New port and railway— Engineering News-Record, 1931, October 1, 
page 528. 

Wilmington— World Ports, 1931, page 1267. 

Car dumpers — ^Newport News — ^Manufacturers Record, 1932, March 10, page 22. — Phila- 
delphia— World Ports, 1931, pages 1167, 1229 and 1235.— Toledo— Railway Age, 1931, 
December 5, page 855. 

Car ferries— American, particularly on Lake Michigan (by E. E. R. Tratman) — ^The 
Engineer (London), 1932, April 8, 15, 22 and 29. 

Car ferries— Milwaukee— World Ports, 1932, July, page 648. 

Car ferries— New York to Havana and New Orleans — Steamer ^‘Seatrain^^ — ^Railway Age, 

1932, May 28, page 921; October 15, page 551; Manufacturers Record, 1932, Feb- 
ruary 11, page 23. 

Co-ordination of facilities— Proceedings, American Railway Engineering Association, 1932, 
page 133. 

Fenders for wharves and piers— Proceedings, American Railway Engineering Association, 
1932, page 227. 

Marine terminals and industrial sites— World Ports, 1931, page 923. 

Marine terminals; rail-and-river t3q3es-^Procecdings, American Railway Engineering As- 
sociation, 1932, page 702. 

Piers; coal and ore— Proceedings, American Railway Engineering Association, 1932, page 
240. 

Piers; construction— World Ports, 1932, September, page 875; Proceedings, American 
Railway Engineering Association, 1932, page 234. 

Piers; depreciation accounting— Proceedings, American Railway Engineering Association, 
1932, page 614. 

Railway service at ports— World Ports, 1932, June, page 535. 

Rail and water transportation— Proceedings, American Society of Civil Engineers, 1931, 
page 861. 

Slips; size and depth at piers— Proceedings, American Railway Engineering Association, 
1932, page 240. 

Wood piling; tests— Proceedings, American Railway Engineering Association, 1932, page 
535. 


(D) AIR-PORTS 

Airports— Location of— Proceedings, American Society of Civil Engineers, 1931, page 269. 
Airport — Oklahoma City — ^Manufacturers Record, 1932, May 12, page 19. 

Airport regulations— Proceedings, American Railway Engineering Association, 1932, page 
683. 


(E) MISCELLANEOUS 

Library of transportation— University of Michigan— Engineering News-Record, 1932, 
March 3, page 327. 
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To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the following subjects: 


Group A — Miscellaneous 

(1) Revision of the Manual. — ^The Committee has continued the study of the 
Manual and the Proceedings for the purpose of revising and bringing to date the mate- 
rial now in the Manual, and perhaps making substitutions from the Proceedings for 
recommendation. The various Sub-Committees have been aggressive in this field and 
have presented much data for the consideration of the Committee. In anticipation of 
a revision of the Interstate Commerce Commission Classification of Accounts, involving 
Depreciation Accounting, affecting accounting and valuation, the Committee withholds 
any recommendations or changes at this time. The instant report is one of progress, 
awaiting developments, and an endeavor will be made to present next year definite 
recommendations in line with new classifications, including Depreciation Accounting, if 
issued. 

(2) Bibliography on subjects pertaining to Records and Accounts (Appendix A). 


Group B — General Railway Engineering Reports and Records 

(1) Office and drafting room practices (Appendix B). 

(2) Joint facility records: 

(a) Appraisal methods and records for keeping up to date. 

(b) Maintenance and operation reports and records. 

(c) Effect of depreciation accounting (Appendix C). 

(3) Bridge inspection report forms, collaborating with Committee VII — ^Wooden 
Bridges and Trestles, Committee VIII — ^Masonry, Committee XII — ^Rules and Organiza- 
tion, and Committee XV — Iron and Steel Structures.— The Committee was unable to 
effect complete collaboration this year with other interested committees. Although a 
number of meetings were held, approval from those concerned has not been secured. It 
is desired by the other committees that the subject be continued another year, with the 
thought that a series of reports acceptable to all the collaborators can be obtained. 

Group C — Maintenance of Way Reports and Records 

(1) Statistical requirements of operating, accounting and other departments with 
respect to maintenance of way and structures, collaborating with appropriate committees 
(Appendix D). 

(2) System of reports and records required to budget and control maintenance of 
way expenses (Appendk E). 
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(3) Forms used by railway water service departments, collaborating with Com- 
mittee XIII — ^Water Service and Sanitation (Appendix F). 

Group E — Valuation 

(1) Methods and forms for gathering data for keeping up to date the valuation 
and other records of the property of railways, with respect to: 

(a) Changes made necessary by government regulations. 

(b) Simplicity and practicability of use (Appendix G). 

(2) Methods used in recapture proceedings (Appendix H). 

Group F — ^Accounting Practices Affecting Railway Engineering 

(1) Changes and revisions in I.C.C. Classification of Accounts. — ^While the Bureau 
of Accounts issued a tentative draft of proposed revised classification to a limited num- 
ber of accounting ofdcers, in the early part of 1932, no action was subsequently taken 
to indicate the date on which the new classification would be effective. As the pro- 
posed classification was not given general distribution, the Committee has made no 
attempt to review it, and therefore has nothing to report, 

(2) Development under I.C.C. Order No. 15100 — Depreciation Charges of Steam 
Railway Companies (Appendix I). 

(3) Method for avoiding duplication of effort and for simplifying and co-ordinat- 
ing work under the requirements of I.C.C. (Appendix J). 

(4) Recommended practice to be followed in preparing data for rate and other 
cases with respect to valuation, allocation of operating and maintenance costs to various 
zones and allocation of costs to specific services performed (Appendix K). 

Action Recommended 

(1) That the reports on subjects A-1, B-3 and F-1 be received as information. 

(2) That the reports on subjects A-2, B-1, B-2, C-1, C-2, C-3, E-1, E-2, F-2, F-3 
and F-4 be received as progress reports. 

Respectfully submitted. 

The Committee on Records and Accounts, 

C. C. Haire, Chairman, 

Appendix ^A 

(A-2) BIBLIOGRAPHY ON SUBJECTS PERTAINING TO RECORDS 

AND ACCOUNTS 

A. P. Weymouth, Chairman, Sub-Committee; C. R. Harte, J. T. Powers, D. C. Teal, 
W. H. Woodbury. 

The method followed in compiling this bibliography for the current year was similar 
to that used in previous years. Each member was assigned certain periodicals to review 
and report on important articles, and any new books of interest. 

There is also included this year a few general items of outstanding interest affecting 
the railroad situation as a whole. 

The following is respectfully submitted as a bibliographical review covering the 
period from November, 1931, to October, 1932, inclusive. 

BIBLIOGRAPHY 

Books 

Regulation of Railroad Finance. By Messrs. Frederick, Hypps, and Herring. 
(Simmons-Boardman Publishing Company) September, 1932. 

Some Phases of Fair Value and Interstate Rates. By J. B. Smith. (Louisiana State 
University Press) June, 1932. 

Analysis of Railroad Operations. By J. L. White. (Simmons-Boardman Publish- 
ing Co.) January, 1932. 
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RaUway Age, May 14, 1932, p. 827— Gives extracts of impbrtant provisions of pro- 
posed bills. 

Railway Age, July 16, 1932, p. 96— Resume of railway legislation which was con- 
sidered but deferred until next session of Congress. 

(c) Depreciation Accounting 

Depreciation Order Postponed, Railway Age, March 26, 1932, p. S40, reports that 
on March 17, 1932, the I.C.C. announced a postponement of the effective date for one 
year, viz., to January 1, 1934. 

Editorial on the Depreciation Order in Railway Age, May 28, 1932, p. 895, suggests 
that its legality ought to be contested in the courts, in view of its far-reaching effects on 
the railroads. 

Annual meeting of the RA.O.A. summarized in Railway Age, Aug. 13, 1932, p. 226, 
and refers to report presented by Committee on General Accounts containing a resolution 
sent to the Railway Executives recommending that efforts be made to secure an indefinite 
postponement of the Depreciation Order. 

Appendix B 

(B-1) DRAWINGS AND DRAFTING ROOM PRACTICE 
Graphical Symbols 

D. L. Avery, Chairman, Sub- Committee; R. R. L. Bullard, V. H. Doyle, W. L. Foster, 

C. A. Knowles, W. M. Ludolph, D. W. Smith, D. C. Teal, G. R. Walsh, A. P. 

Weymouth. 

Your Committee has revised last year’s recommendations to include Graphical 
Symbols (Revision of the Manuaf) . This has been designated item one and included in 
last year’s report which is as follows: 

Drawings and Drafting Room Practices 

(1) Graphical Symbols (Revision of the Manual). 

(2) Classification of and corresponding nomenclature for drawings in accordance 
with their purpose. 

(3) Method of representation of the subject, including arrangement of views and 
sections. 

(4) Use of lines of different kinds and thickness. 

(5) Indication of dimensions, tolerances and fits, tapers and slopes and surface 
or finish. 

(6) Symbols for elements. 

(7) Indication of materials by cross hatching. 

(8) Arrangement of border line, title, parts test, notes changes and revisions. 

(9) Method of folding and punching. 

(10) Kinds and sizes of letters, figures and symbols. 

(11) Scales of reduction and enlargement. 

(12) Sizes of drawings and filing cabinets. 

(13) Width of rolls of paper and cloth. 

(14) Size of drafting equipment and tools. 

(15) Specifications of materials to be used for drawings and drafting. 

Your Committee has undertaken the revision of the present Symbols shown on 
pages 745 to 757, inclusive, in the Manual. It has Worked with such A.R.E.A. Com- 
mittees and is using such data prepared by the American Standards Association as 
comes under the subject assigned them. 

The subject has been divided into two parts: (A) Engineering Symbols and Office 
Practice, and (B) Electrical Symbols and Office Practice, (a) General, (b) Signal. 

The first group of Symbols has been prepared and is submitted hereafter as Exhibit 1. 
This Exhibit comprises nineteen sheets which cover thirty-five subjects. A total of 500 
different sjrmbols are shown. 
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The Committee has not had sufficient time to thoroughly study this subject and 
submits Exhibit 1 as a progress report only. It recommends that the subject be con- 
tinued in order that this exhibit may be revised and that the Electrical Symbols may be 
prepared. The subject will be continued progressively. 


Exhibit 1 

DRAWINGS AND DRAFTING ROOM PRACTICE 
Graphical Symbols 


NUMERICAL INDEX 


SUBJECT PAGE 

HYDROGRAPHY I 

RELIEF : \ 

AGRICULTURE 2 

RAILWAYS (TOPOGRAPHICAL MAPS) 2 

RAILWAY TRACKS (TRACK MAPS) 2 

BOUNDARY AND SURVEY LINES 3 

CARTOGRAPHY 3 

TRACK FIXTURES 4 

BUILDINGS AND STRUCTURES 4 

TRACK ACCESSORIES 5 

FENCES 5 

HIGHWAYS AND CROSSINGS 5 

MINES 6 

OIL AND GAS . 6 

BRIDGES 6 

CULVERTS,SEWERS,ETC 6 

WATER SUPPLY AND PIPE LINES 7 

FIRE PREVENTION 7 

POLE LINE WIRES 7 

ELECTRIFIED LINES 7 

LIGHTING 8 

RAIL 8 

BALLAST ^ 8 

SIGN BOARDS AND POSTS 8 

ARCHITECTURAI 9 

ENGINEERING MATERIALS (METALS) 10 

ENGINEERING MATERIALS ( MINERALS) 1 1 

BRIDGE RIVETS 12 

'STRESSES , 12 

BOLTS AND NUTS (CONSTRUCTION OF) 13-14 

PLUMBING l’__ 15-16 

HEAT- POWER AP PARATUS . 16 

heating and VENTILATING 17 

PIPE AND PIPE FITTINGS - 18-19 

REFRIGERATION 19 


Note. — ^Page numbers in numerical index refer to the right-hand circular number on 
pp. 215-233 ind. 
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ALPHABETICAL INDEX 


SUBJECT 

PAGE 

AGRICULTURE 

2 

ARCHITECTURAL 

.9 

BALLAST 

__._8 

BOLTS AND NUTS (CONSTRUCTION OF)_ 

13-14 

BRIDGE RIVETS 

12 

BRIDGES 

6 

BUILDINGS AND STRUCTURES 

4 

CARTOGRAPHY 

3 

CULVERTS, SEWERS, ETC. 

6 

ELECTRIFIED LINES _ _ 

7 

FENCES 

5 

FIRE PREVENTION 

7 

HEAT-POWER APPARATUS _ _ __ 

16 

HEATING AND VENTILATING _ . 

17 

HIGHWAYS AND CROSSINGS _ 

5 

HYDROGRAPHY __ _ 

1 

LINES -BOUNDARY AND SURVEY 

3 

LIGHTING 

8 

MATERIALS-ENGINEERING- METALS _ „ . 

10 

MATERIALS-ENGINEERING -MINERALS — 

II 

MINES 

6 

OIL AND GAS 

6 

PLUMBING 

._J5-I6 

PIPE AND PIPE FITTINGS _ 

._J8-I9 

RAIL 

8 

RAILWAY TRACKS -TRACK MAPS__ 

2 

RAILWAYS TOPOGRAPHICAL MAPS 

2 

RELIEF 

1 

REFRIGERATION 

19 

STRESSES 

__ 12 

SIGN BOARDS AND POSTS 

8 

TRACK ACCESSORIES, 

5 

TRACK FIXTURES 

4 

WATER SUPPLY AND PIPE LINES _ 

7 

WIRES - POLE LINE 

7 
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EXPLANATION OF CHARACTERS 

A. PRESENT A.R.E.A. SYMBOLS 
e PRESENT A R.E.A. SYMBOLS REVISED 
• PROPOSED NEW SYMBOLS 
® PROPOSED NEW SUBJECT 


CONVENTIONAL SIGNS FOR USE ON RAILWAY PROFILES 
RIGHT-OF-WAY AND TRACK MAPS 

HYDROGRAPHY 


• STREAM (N) NAVIGABLE CUN) UNNAVIGABLE 


• SPRINGS AND SINKS 


A LAKES AND PONDS 


A FALLS AND RAPIDS 


WATER LINE 


• FRESH 
MARSH 



•SALT « SUBMERGED ‘TIDAL • DRY OR INTER- 

marsR Marsh flat mittentlake 


=111== HUH . 


« GLACIERS « FERRY 


• INTERMITTENT 
STREAMS 


• CANALS 


^ DITCHES 


^ CONTOUR SYSTEM 


CLIFFS 



RELIEF 

\ SAND AND 
s • SAND DUNES 




aiBHaiilJJilUUJiift*. 

rn n n 


^ EMBANKMENT 


BOTTOM OF SLOPE — 


• LEVEES 
^ TUNNEL 


aOtlk i U ^ “rr\d r\C‘ ei /^DC mecf^urn 

uij B iuimni gp^ ^ oLurt — 

-•SUBMARINE CONTOURS 

(DESIGNATE 

==’*=== A CRIBBING^TYPE llimillllllllllllllllllllll 

• MINE DUMPS 
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• HILL SHADING 


• DEPRESSION 
CONTOURS 


“FAILINGS OR 
MINING DEBRI, 


MINING DEBRIS 




. abutment wall 
AND PIER 


® AGRICULTURE 


••♦•a - 




‘ CV 


O 0 0 0 0 Q 

00 0 0 00 

0 0 0 * 00 

0 o 0 o o « , (, 

0 O O 0 O O ^ 


MEADOW CLEARED LAND DECIDUOUS TREES ORCHARD OARTRCES 

fir's . TTTfTt 

EVERGREEN TREES WILLOWS PINE, WILLOW CORN TOBACCO 

AND BRUSH 


ViV,v(», lilf 
WAV. I |fe« 

VINEYARD CULTIVATED LAND 


♦ RAILWAYS (topographical MAPs) 

® STEAM ■**■■**1 

ELECTRIC mi J Z Lii.j ' r 

STREET RAILWAY • mc=m=xx: 

• NARROW GAUGE < „ , > 

* RAILWAY TRACKS (TRACK MAPS) 

A RAILWAY TRACK OR OLD TRACK TO REMAIN =—:■:■ — 


A OLD TRACK TO BE TAKEN UP X-FOR NEW OR ^:=:r==-= 

WL PRnPo<iFn tracka' specialmaps (Red) 

A PROPOSED TRACKS MADE FOR A 

A PROPOSED (FUTURE) TRACKS SPECIFIC PRO- 

w FOREICN TRACKS ^ |Cotg,^g™i«)OR 

, , . . \ BLACK WITH INITIALS OF RD) 

A AUNEMENT(4 curve TO RIGHT-2 LEFT) 

• ALINEMENT 2CURVELEFT-250'SPIRAL "^•s!^2*cr^25oT“ 
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PROFILES (vertical CURVES) 


* INDICATES USE OF SINGLE OR DOUBLE LINES FOR RAILWAY 
TRACK AND YARD STUDIES. DOUBLE LINES ARE SATISFACTORY FOR 
SCALES OF |"eQUALS SO'OR LARGER. SINaE LINE SHOULD BE 
USED FOR smaller SCALES .LINES MAY BE LEFT UNCOLORED. 

BOUNDARY AND SURVEY LINES 

FOREIGN R. OF W. LINE 

. COUNTY UNE 

TOWNSHIP LINE 

CITY OR VILLAGE LINE 

RESERVATION UNE 

LAND GRANT LINE — 

STREET BLOCK OR OTHER PROPERTY LINE 


A. SURVEY LINE 
CENTER LINE 


. COMPANY PROPERTY R.OF W. LINE 
• FENCE (on street LINE) 

.FENCE ON RAILWAY PROPERTY LINE 


ocai/on And FrcferSymbo/. 


CARTOGRAPHY 

•I^ASECTION CENTER 


SECTION CORNER isf^ASECTION CENTER 

. TRIANGULATION STATION OR TRANSIT POINT A 

.. BENCH MARIC B.mXi232 STONE MONUMENT ^ ^ JL. 

. IRON MONUMENT ■ aCITY' ODoHdI 


. VILLAGE 
. FipE LIMITS, 
CHURCH-SCHOOL 


A CITY LIMITS 


mmEiEHB* • CEMETERIES 
• COKE OVENS 


JDDDDnanaj 

?f ffWff7ww7mxr T /m ' 




TANKS AND OIL RESERVOIRS « o ^ ® 

OIL AND CAS WELLS oV« o •MINE OR QUARRY ^ 

PROSPECT X • shaft B 

MINE TUNNEL — -<C • LIGHTHOUSE OR BEACON @ 

COAST GUARD STATION B L.S.S. B C.C.S. 

. MAGNETIC MERIDIAN 

HATCH OR COLOR (TRANSPARENT)RED ^ 
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TRACK FIXTURES 


^ TURNOUT AND SWITCH STAND 


A INTERLOCKED SWITCH 


. DOUBLE SLIP SWITCH 


-i. SINGLE SLIP SWITCH 


A DERAIL 


A BUMPING POST 


• SKATE MACHINES 


POWER OPERATED 
^MANUALLY OPERATED 


SINGLE 


• CAR RETARDER 


DOUBLE 


• CROSSING 



* BUILDINGS AND STRUCTURES 
A STONE Cm^FRAME CDlBRICK CHI 

CONCRETE CHI ^ CORRUGATE) IRON [cTl'BRICK PASS. STA. [Ml 

A ELECTRICAL SUB-STATION [sS\ i LIGHTNING ARRESTER HOUSE [LaI 
INDICATE USE AND NUMBER OF STORIES . 

i 

A PLATFORM OR DRIVEWAY (INDICATE KIND AND CHARACTER UI M I I I K I 


.INTERLOCKING TOWER 


A TURNTABLE ^a INTERLOCKING TOWER t) (I 

ASHPIT ===[aH1==: A COALING STATION(MECHANICAL) 3 /* 

.COALING STA. (TRESTLE 'iJcsICIRCULAR ENGINE HOUSE (a) 


. ASH PIT 
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RECTANGULAR 
^ ENGINE HOUSE 
« SECTION HOUSE 


^Jndjcafe Kind And \ 
\Ch3raci-er J 


• SECTION TOOL HOUSE 


B • PRIVY 

P] • GRAIN ELEVATOR IG.E.I 
* INDICATE TYPE AND CONSTRUCTION BY COMBINATION OF LETTERS. 

TRACK ACCESSORIES 

A RAIL REST -1 i-*GANTRY CRANE \ 

• MAIL CRANE ^ a BOOM CRANE 

A GAS CONTAINER a TRACK PAN 




A TRACK SCALES 




.WAGON SCALES 


o- 


Indksie. Cap<KiiyAndLen^ih‘ 

* FENCES *(give height of fence) 

• STONE FENCE t >bCI ^ A BOARD FENCE — - — 


. PICKET FENCE 
^ RAIL FENCE 
-i. WOVEN WIRE FENCE* 
SNOW SHED 


A BARB WIRE FENCE 
.WORM FENCE 
.SNOW FENCE 
HEDGE 




• PROPERTY LINE NOT FENCED 


• STOCK PENS 




• INTER TRACK FENCE ^ 


HIGHWAYS AND CROSSINGS 


PUBLIC AND MAIN ROADS (SHOW STATE OR U.S. ROUTE NO.) 

♦ 


PRIVATE AND SECONDARY ROADS 


A TRAILS 

A STREET AND PUBLIC ROAD CROSSINGS 
A PRIVATE ROAD CROSSING 
A ROAD CROSSING AT GRADE 
A » » UNDER " 

", " OVERHEAD 

A CROSSING GATE 
A TURNSTILE 
A CATTLE GUARD 
A farm GATE 
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A TUNNEL 7 ;::^ 

A test opening 
A mine in operation 


MINES 

SHAFT 

X ^ COAL OUTCROP 


(S) OIL AND GAS SYMBOLS 

LOCATION, RIG OR ORILUNG WELL 0 SALT WELL 

OIL WELL • SMALL OIL WELL 

DRY HOLE •<>• DRY HOLE WITH SHOWING OF OIL 

GAS WELL GAS WELL " '• ■' 

SYMBOL OF ABANDONMENT v THUS <4 ¥ -ijl- 

NUMBER OF WELLS .THUS Oyg 03 ^7 

SHOW VOLUMES .THUS *§1 


GIRDER 


* BRIDGES 


D.P. E-70 


-k TRUSS - 

A TRESTLE (wooden') } - ■ - , - ■ . 

A SIGNAL BRIDGE J 

A lift span - 

A BASCULE, DOUBLE LEAF ■■ 

A BASCULE, SINGLE LEAF r*"5-<L ^ 

A DRAW SPAN 

• USE LETTERS TO DESCRIBE GIRDER AND TRUSS BRIDGES. GIVE 
LOADING. 

CULVERTS, SEWERS, ETC. 

A MASONRY ARCH OR FLAT TOP CULVERT 

• PIPE (over 36DIA.) 

® PIPE DRAIN OR WOOD BOX (36 Dl A. AND UNDER) 

• SEWER A CATCH BASIN 

^ MANHOLE a SUMP Sum/> Q 




(INDICATES DIRECTION OF FLOW 



WATER SUPPLY AND PIPE LINES 

■ WATElR TANK (GIVE CHARACTER DIAM. HEIGHT CAR IN CALS.) 
- WATER COLUMN (GIVE SIZE AND TYPE) 

. COMPANY (water PIPE ) ^ 

OTHER water PIPE / GIVE SIZE AND \ ( 


GAS LINE 
STEAM LINE 
OIL LINES 


KIND OF PIPE } 


AND DIRECTION ] 

i OF FLOW / / 


' COMPRESSED AIR 

.VALVE (INDICATE SIZE) O 

. RISER R 

. METER (name AND SIZE) 

FIRE PREVENTION ^ 

. FIRE HYDRANT (SHOW SIZE, NO. OF HOSE AND STEAMER CONNS.}-^ 

FIRE ALARM BOX (^ 

CHECK VALVE (ARROW IN DIRECTION OF FLOW) r, 

wall REEL OR HOSE RACK T ^ ' 

HOSE AND HYDRANT HOUSE BB 

' FIRE DEPT. CONNECTION c=iR 


AUTOMATIC SPRINKLER (A.^ 

CHEMICAL FIRE EXTINGUISHER { caRRIAGe'^^^^'" ^ 

POLE LINE WIRES 

POWER TRANSMISSION, SIGNAL, f 1» f- 

TELEGRAPH AND TELEPHONE LINES.(dESICNATEW1RES&OWNERSHIP) 


A THIRD RAIL 


^ JUMPERS 


'A FEEDERf 


ELECTRIFIED LINES 


/^unninqR3t/OrCL Of Track 


Runmn^Ratl OrCJ..Of Track. 




SWITCH 


OVERHEAD RAIL OR WIRE 




2 : 


LIGHTING 

* electric LIGHT LOCATION GIVE TYPE OF LAMP AND POWER 

• FLOOD LIGHTING TOWER ■^ 9 8 B" 

® RAIL 


ISOLS 

BLACK ■■ 

■■1 IIOLB. 

GREEN 

I40LB. 

WHITE HE 

iOOLB. 

ORANGE 

'30LB 

RED Bg 

^3^ 90LB, 

BROWN 

I20LB 

YELLOW ^ 

3^^ 80LB 

LIGHT BLUE 


SOLID LINES OF THE COLORS SHOWN MAY BE USED IN PLACE 
OF SYMBOLS 

® BALLAST 

BROKEN STONE ■■■■ SCREENINGS l====--==l 

SLAG M ^2:, | gran. SLAG I"— ——I 

GRAVEL CINDERS l^lXliXlXI 

CHATS I ..l-l-l^M SAND 

BURNT CLAY I — =1 EARTH I 1 

SIGN BOARDS AND POSTS 

kMILEPOST SECTION POST ^ 

L YARD LIMITS (Ip aFLANCER SIGN ^ 

k WHISTLE POST 


•OTHER SIGNS 


aFLANCER sign Y 

A CROSSING SIGN ^ 

Y . OTHER POSTS ^ 


kBRIDGE AND TUNNEL WARNING 


FOR symbols of crossing FLASHERS, BELLS AND OTHER SIG- 
NAL APPLIANCES kE SIGNAL SYMBOLS. 
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ENGINEERING MATERIALS 
(METALS) 




1 

• ALUMINUM • ASBESTOS 


e BABBITT 

1 1 1 


1 

A BRASS » BRONZE 


» COPPER 




1 

[ • CORK • EXCELSIOR 


A CLASS 



1 

jk. CAST IRON MALLEABLE IRON 


A. WROUGHT IRON 


W'W/////M 

1 

• LEATHER • LEAD 


e RUBBER 




1 

A CAST STEEL • TOOL STEEL 


• MACHINE STEEL 



1 

A WROUGHT STEEL ® WOOL-FELT 


-A WOOD C.G, 




1 

JL WOOD W,G. • ZINC 


• ROLLED STEEL 





• MANGANESE • NICKEL STEEL 


• TIN 

1 

H 


JV!^ JVy m 

V JVJ' Mifir m!m4 

» 0^^ 000 000 000 ^m0 mmm 0mm 

1 

• WIRES • WATER 


• TITANIUM STEEL 

ic** •♦♦*♦** ♦*♦*••* ♦*♦*♦* .‘JV **♦*♦•* ^ %*•'* •*•’** *>x ••X** •*♦'*** •‘V .♦i'V »*i 



1 

• VANADIUM STEEL • MOLYBDENUM STEEL 


• OTHER MATERIAL 
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ENGINEERING MATERIALS 

(MINERALS) 



• ASHLAR A ROCK FACED ASH LAR a UNCOURSED ASHLAR 


• ASPHALT 



A COMMON BRICK 




CINDERS 


• CLAY OR MARL 


• FIRE BRICK 


SOLID BLACK 


• VIRGIN COAL 




• LOOSE COAL 


A. PLAIN CONCRETE • CINDER CONCRETE 


NWsOrfla^j ^^ reinforced CONCRETE • CYCLOPEAN CONCRETE 


• CONGLOMERATE e ORIGINAL EARTH 


I !»i'i-*ij:.i£-'!i!!-vi:i:i;£ii i^i'ii^'iB' 3'ji:- 


® EARTH FILLED 




GRAVEL 


• GRANITE 





• LIMESTONE 


• LOAM 


• MICA 




• PORCELAIN 


• PUDDLE 


• QUICKSAND . 





• STRATIFIED ROCK ^0^^«''^^RUBBLE';^''^^aSAND-SANDSTONE 





• SLATE 


• SHALE 


® STONE CRUSHED 
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L Field /^/yef3 


PMi/7 \Coanf€rsar}l:3nd\Coan'kmnknof^ Fleffened i f/dffened 



NOTE'-^AND |rIVETS to be flattened J;'.|-gAND I RIVETS 
TO BE FLATTENED | 


p-GRIP ■* 


Q ( a: ^ o 

"1<mV L. 


LENGTH — »l 


\t- LENGTH-*] 

js, ^ 


2 1*-GRIP-*| 


B-STRESSES 


+ TENSION 


- COMPRESSION 



















® PLUMBING SYMBOLS 


CORNER TUB 


COMBINATION SINK 
AND DISHWASHER 


BUILT IN TUB 

ROLL RIM TUB 

SHOWER STALL 

SHOWER HEAD 

OVERHEAD GANG 
SHOWER 

PEDESTAL LAVATORY 

WALL LAVATORY 

CORNER LAVATORY 

PLAIN KITCHEN SINK 


KITCHEN SINK 
R.iL. DRAIN BOARD 



COMBINATION SINK 
AND LAUNDRY TRAY 

SLOP SINK 

WASH SINK 
WALL TYPE 

WASH SINK 

WATER CLOSET 
(HIGH TANK) 

WATER CLOSET 
(LOW TANK) 

WATER CLOSET 
(NO TANK ) 

URINAL 

(PEDESTAL TYPE) 

URINAL 
(WALL TYPE) 

URINAL 
(STALL TYPE) 

URINAL 

(TROUGH TYPE) 

DRINKING FOUNTAIN 
(PEDESTAL type) 


TT 



KITCHEN SINK 
LH. DRAIN BOARD 


DRINKING FOUNTAIN 
(WALL TYPE) 


O Os 
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® PLUMBING SYMBOLS 


LAUNDRY TRAY 


r DRINKING FOUNTAIN 

1 (TROUGH TYPE) 

10 0 o| 

DF 

HOT WATER TANK 


1 VACUUM OUTLET 

"V 

WATER HEATER 

© 

1 DRAIN 


0 

WASHING MACHINE 


1 GREASE SEPARATOR 


i 

HOSE BIB 

4- OIL SEPARATOR 

HB 


1 

GAS OUTLET 

CLEANOUT 

G 


To 


® HEAT "POWER APPARATUS SYMBOLS 


STEAM 'PIPE CONNECTION 


CONDENSATE PIPE 
CONNECTION 

WATER PIPE CON- 
NECTION 

AIR PIPE CONNECTION 


PIPE CONNECTION 

CROSS SECTION, NO CON- 
NECTION, PIPES CROSSING 




STEAM GENERATOR 
(BOILER) 



FLUE GAS REHEATER 

(intermediate super- 
heater) 



LIVE STEAM SUPERHEATLTtg(\^ 

u 

u 


FEED HEATER WITH 
AIR OUTLET 


STEAM TURBINE 




SURFACE CONDENSER 


THREE-PHASE GENERATOR 
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CONDENSING TURBINE 


OPEN FEED TANK 


CLOSED FEED TANK 


AUTOMATIC REDUCING 
VALVE 



AUTOMATIC BYPASS 
VALVE 


AUTOMATIC VALVE OPER- 
ATED BY GOVERNOR 


BOILER FEED PUMP 


DYNAMIC PUMP (aIR 

ejector) 


® HEATING AND VENTILATING SYMBOLS 

LOCK SHIELD VALVE WALL RADIATOR (PLAN) 


REDUCING VALVE 


DIAPHRAGM VALVE 


, WALL RADIATOR 
(ELEVATION) 

PIPE COIL (plan) 


□ D 


& S 


DIAPHRAGM VALVE 
STEM PERPENDICULAR 

THERMOSTAT 


RADIATOR TRAP(ELEVATION)-[j3 
RADIATOR TRAP (plan) 


PIPE COIL (elevation) Ot}] § 
INDIRECT RADIATOR(PLAN)[ni 


INDIRECT RADIATOR 

(elevation) 

SUPPLY DUCT (section) 


EXHAUST DUCT SECTION 


Q S 


COLUMN RADIAT0R(PLAN) Czi UNITHEATER 

COLUMN RADIATOR □ H BUTTERFLY DAMPER “lA 
(ELEVATION) PLAN (OR ELEVATION) 
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BUTTERFLY DAMPER 
ELEVATION OR PLAN 




'\ 


((4 

VANtS 

1 

DEFLECTING DAMPER 
SQUARE PIPE 

— ^ AIR CONDITIONER 

A.C. 





AIR SUPPLY OUTLET 

EXHAUST OUTLET 





® PIPE AND PIPE FITTINGS SYMBOLS 


FLANGED 

SCREWED 

BELL i SPIGOT 

PIPE 

JOINT 




II - 


r 

l( ' 

1 


ELBOW 90 DEG. 

1 , 

1 

I 

"n 

ELBOW 45 DEG. 

‘r 

/ 

I 

1 


ELBOW-TURNED UP 

0(- 



ELBOW-TURNED DOWN 


0- 


ELBOW -LONG RADIUS 

1 

1 



SIDE OUTLET ELBOW- 
OUTLET DOWN 


f- 

1 

SIDE OUTLET ELBOW 
OUTLET UP 

“T" 

' 1 

1 

1 


BASE ELBOW 

-4 

-i 


DOUBLE BRANCH ELBOW 

-+Y+- 

"f- 

■V- 

1 


REDUCING ELBOW 

1 

1 

I 
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FLANGED 

SCREWED 

BELL&5PIG0T 

TEE 

1 

Hh4-- 

-A- 


TEE -OUTLET UP 

'-§0r-- 

-101- 

-3^- 

TEE -OUTLET DOWN 

-m- 

-401- 

-3e€- 

SIDE OUTLET TEE- 
OUTLET UP 



■4€- 

SIDE OUTLET TEE- 


-tS- 


OUTLET DOWN 

CROSS 

#- 


-4- 

REDUCER 

i>«- 

-OF- 


LATERAL 

1 

1 

1 

1 

VALVE 

-■ext- 

-tx- 

-X- 

CHECK VALVE- TRIANGLE 
IN DIRECTION OF FLOW 


— 1-«— 

->K- 

ANGLE VALVE 

f- 

f- 


EXPANSION JOINT 

1 

— — 

— ==— 

REDUCING FLANGE 

1 

Ti** ’n” 



UNION 


— 


SLEEVE 



— E3— 

® REFRIGERATI 

ION 


ELECTRIC REFRIGERATOR [LR]] GAS REFRIGERATOR 


ICING MACHINE 
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Appendix C 

(B-2) JOINT FACILITY RECORDS 

(a) Appraisal methods and records for keeping up-to-date 

(b) Maintenance and operation reports and records 

(c) Effect of depreciation accounting 

B. A. Bertenshaw, Chairman, Sub-Committee; Anton Anderson, D.^ L. Avery, E. V. 

Braden, E. S. Butler, James Erskine, W. L. Foster, C. C. Haire, J. H. Hande, 

G. R. Walsh. 

Where facilities are used jointly by two or more railroads, the use, maintenance 
and operation of the facilities in question are made the subject of a formal contract or 
agreement. It is common practice in such a contract to provide for the using company 
to pay to the owning company a rental for the use of such joint facilities. This rental 
is a specified per cent per annum on a rental base which is agreed upon at the time the 
agreement is made. 

The determination of the rental base is in most cases subject to prolonged nego- 
tiation, and various records and methods have been used in arriving at this base. The 
Committee has made a study of the various ways of determining this base and find the 
following to have been most commonly used: 

1. Appraised value agreed to by interested parties. 

2. Ledger value or original cost. 

3. Estimated original cost. 

4. Reproduction cost. 

5. I.C.C. Valuation (Tentative or Final). 

After the rental base has been determined and specified in the contract it becomes 
necessary to keep this base current, due to changes in the facilities from time to time. 
The Committee has accordingly made a study of the various methods used in keeping 
the rental base up to date, and finds the following methods most common: 

1. By adding the net amount of additions and retirements as lodged in the 
accounting records. 

2. By maintaining a detail of the original appraisal, with additions and retire- 
ments, and retiring therefrom items that can be identified, or equitably 
estimated portions thereof, at the amount included in such detail for the 
facilities retired. 

3. In case of retirements, retire from rental base the percentage which the 
property retired bears to the total. 

The studies so far made indicate the special need of some simple method of keeping 
the rental base up to date due to changes in facilities, and also for some system of forms 
and/or records to be placed in the hands of those responsible for the maintenance and 
operation of the joint facilities, in order that they may perform in accordance with the 
agreement. 

This being a new assignment, the studies of the Committee have not progressed to 
a point where it is possible to recommend methods or forms such as are mentioned 
above. This report is therefore submitted as one of progress, with the recommendation 
that the subject be continued for further study. 
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Appendix D 

(C-1) STATISTICAL REQUIREMENTS OF OPERATING, ACCOUNT- 
ING AND OTHER DEPARTMENTS WITH RESPECT TO MAIN- 
TENANCE OF WAY AND STRUCTURES 

W. F. Cummings, Chairman, Sub-Committee; Anton Anderson, D. L. Avery, E. V. 

Braden, W. L. Foster, W. E. Gardner, C. R. Harte, W. R. Kettenring, J. R. 

Leguenec, Jr., W. M. Ludolph, W. S. McFetridge, F. X. Soete, A. P. Weymouth. 

The work of this Sub-Committee is to study progressively and report as to forms 
and data called for on chart shown on page 278, Vol. 27 of the Proceedings. A survey 
of the forms presented to date appear on page 896, Vol. 31 of the Proceedings. 

This year the Committee has undertaken to present a form of daily report covering 
work equipment in service. The term “Work Equipment” is intended to include special 
purpose rolling equipment regularly assigned to the Maintenance of Way and Structures 
Department, all special machines and labor-saving devices 

There seems to be a lack of such reports on most roads and those that are available 
differ greatly. 

The purpose of the form presented here is to furnish such data as will meet the 
requirements enumerated in the report of the Committee last year and shown on pages 
597 and 598, Vol. 33 of the Proceedings. 

Foreman's Daily Report of Work Equipment 

This form is roughly divided into five (5) parts: 

The first or top part provides space for recording information as to territory and 
location in which equipment is working and the kind and number of machine. 

The second part — columns 2 to 8 inclusive — ^provides space for reporting the kind 
and amount of work performed, the time and rate of labor operating the equipment and 
the kind and quantity of repairs, if any, made and supplies used by the operating crew. 

The third part — column 9 — provides for recording how the expense connected with 
the operation of the equipment shall be charged out, that is whether to A.F.E. — straight 
maintenance — outside parties, etc., subdivided to show character of work. 

The fourth part — columns 10 and 11 — ^provides space for recording the amount and 
cause of delays. 

The fifth part provides for recording information as to conditions affecting operation 
that would be usable in permitting the Supervisors, Division Engineers, or other officers, 
to determine whether or not the equipment is being efficiently and economically operated. 

On the reverse side is a list of machines generally used with a key letter indicating 
same. The letter indicating the kind of machine should be shown on the face of the 
form under heading — “Kind of machine”. 

Likewise instructions for the use of the form are shown on the reverse side. 

It is intended that a separate report, covering each piece of equipment in the juris- 
diction of a Foreman or Operator, shall be made out for each day whether or not the 
equipment is in use, except that if several machines of the same type are being used on 
the same operation, one form shall suffice for the several numbers shown on the face 
of the report. 

It is intended that during off seasons when a large amount of equipment is not being 
used that some means will be arranged so that for equipment not being used regularly 
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it wiU not be considered that it is in the jurisdiction of the Foreman or Operator and 
it would therefore not be necessary to make a daily report covering. 

Action Recommended 

It is recommended that this report be accepted as information. 


[ of sheet Cpront) 

MORTH AND SOUTH RAILROAD COMPANY 


FOREMAN’S DAILY REPORT OF WORK EQUIPMEKT 
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(^Bock) 

INSTRUCTIONS 


To report Kind of Machtne in spoce CO on ^cc of report, uoc letters a& shown 
opposite name of machine, in list below. (Example.: X P for Weed Sumer:) 

If more than one machine of -tHc same kind is used on tVie samrz jofc> 
on the same day, show all MocHinir No.’s in space C.l) on one report 
and total labor and other Items In proper colunrins. 

If item in column ('2) clo<^s not" indicate clearly what is done dcscriloe 
more fully under Remarks, colurrin Oa). 

Show number of units of work performed in column (3). Under Lat^or, 
Columns C^) and (4>) , report hours and rote.& of all employees working on 
or with the mochirre Opposite the proper Posi+ion. Show rquanfifies of 
supplies used in column (&). In column (9) show whether the work per- 
formed should be charged to Maintenance ind ii/i duals and 

Companies^ I «StC) or Additions and Betterments (AflcB). \f to IScC, 
show name; if to ASe.& show A.K E. number. Subdivide to show 
character of work . 

Show In columns 0^3 and OO amount and cause of dcloys. 

Make a s<z.p<ir-afa, report for each kind of rntachime In charge 
of Foreman or Opero+or whether idle. In transit or In use, and 
send +o Buperw-isor at close of each day. , If Idle or in ‘transit 
shovv undar Remarks, aolumn 


ADZING MACHINE 

A 

AIR COMPR E5S0R,- miscciu opiratioks 

B 

BALLAST CLEANER 

C 

CONCRETE MIXER 

D 

rOAtslP ^STtAM-GASOtWC-OiCStL- ELtCTRK: 

E 

/“OAKir 1 r\rr\ ATCAM.GA5oi.i«e-oti3tL-ii.ic. 

F 

DERRICK CAR 

G 

Discing Machine 

H 

DITCHER 

J 

DITCHER-SPREADER 

K 

Hoisting engine 

L 

NUT RUNNER, POWER 

M 

PAINT SPRAY MACHINE 

N 

On c Hoiv/cn Drop Hamm cr- Steam lUuMtR 
HILt UHlVEKCCf,p4« Oi/r. e»etrr kiho Useo^ 

0 

Rail drill, power 

P 

Rail grinder, power 

R 

RAI L LAYERrt:*oM'ou*\'5'cEPT^KiN0 oseol 

5 

RAIL LOADER 

T 

Rail saw. Power 

XA 


..JMUlf tU, l.>MKfCA05S 0UT.t*Ctt>TKlH0 USEC/l 

XB 

SHOVEL, : 

XC 


ia>i 

SPIKE Puller, power 

Q1 

TIE BORER, POWER 

W 


EBI 


Q1 

TRACK MOWER 

Ed 

TRACK OILER 

Em 

TRACK RAISER 

fSU 

track SHIFTER 


Tractor cc*SAf?ifTrE*ct*»T x'iHo*uico>'i 

xo 

WEED Burner 

Ed 

WEED DESTROYER, CMEMlCAL 

Ed 


Em 

In an. .IHAr maeV<«nC> 

rai 








Appendix E 

(C-2) SYSTEM OF REPORTS AND RECORDS REQUIRED TO 
BUDGET AND CONTROL MAINTENANCE OF WAY EXPENSES 

E. Y. Allen, Chairman, Sub-Committee; Anton Anderson, D. L. Avery, R. R. L. Bullard, 
W. F. Cummings, W. E. Gardner, J. R. Leguenec, Jr., W. S. McFetridge, A. T. 
Powell, A. P. Weymouth. 

This subject was first assigned in 1931. A progress report was made last year 
which was published in the 1932 Proceedings, Vol. 33, page 588. 

This year the Committee presents an outline of the principal reports required. This 
outline is shown as Exhibit 1. When detail forms are prepared for the various r^orts, it 
may be found necessary to make more than one form to cover the matter required for 
one report as outlined. 

This is submitted as a progress report. 
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Prepared by Officer in Charge of Budget 

Tentative Annual Monthly Appropria- 

Appropriation tion for System 

for System 
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Appendix F 

(C-3) FORMS USED BY RAILWAY WATER SERVICE 
DEPARTMENTS 

D. C. Teal, Chairman, Sub-Committee; James Erskine, W. E. Gardner, F. C. Kane, 

J. R. Leguenec, Jr., D. W. Smith, F. X. Soete, James Stephenson, Louis Wolf. 

The subject is a continuation of the assignment made three years ago. Study of 
forms now in common use by railway water service departments has resulted in a general 
classification of reports and records as follows: 

(1) Monthly and yearly record of cost of producing and treating water. 

(2) Pumpers and treating plant operators reports. 

(3) Water station record. 

(4) Geological record of deep wells. 

Progress report in Vol. 32, 1931, page 523, of the Proceedings, presents a form 
covering the first general class of monthly and yearly record of cost of producing and 
treating water. This form is recommended as the permanent “Cost of Water Production” 
record to be compiled and kept in the headquarters of the official having charge of 
water supply for the division or system. 

Progress report in Vol. 33, 1932, page 598, presents a form belonging to the second 
general class. This form “Monthly Report of Water Station Operation” is recommended 
to provide for the basic information of water production and consumption and is to 
furnish part of the underlying data with which to compile the permanent “Cost of Water 
Production” record as well as other information necessary for the close check of water 
station performance. 

This year the Committee, to complete the study of the second general classification, 
has prepared a form for the reporting of treating plant operation, which is presented 
herewith as Exhibit 3. 

The Committee has also prepared a form covering the third general classification 
for the recording of water station facilities which is presented herewith as Exhibit 4. 

EXHIBIT 3--FORM 1301-A 

This form is designed for the daily recording and periodic reporting of treating plant 
opetation and is to supply information necessary for control and check of treating plant 
performance, to keep close check of chemical supplies and to furnish underlying data 
with which to compile the permanent “Cost of Water Production” record. 

The title “Quarter Monthly Report of Treating Plant Operation” is believed to 
cover the subject adequately. Quarter monthly or weekly reporting of treating plant 
operation is very necessary for proper supervision. Quarter monthly is recornmended 
over weekly reporting, as being in general better adapted for handling in connection with 
the monthly “Cost of Water Production” record. 

The recommended standard letter size of 854"xll" will give ample room for posting 
of figures and data. Instructions for routine of handling are noted on the form. 

Column headings are more or less self explanatory. Columns 1 to 12 provide neces- 
sary and detail information for check of plant operation and chemical control of plant 
as well as data for the permanent cost record. Columns 13 to 22 furnish a complete 
record of chemical supplies used and on hand. This information is very necessary when 
ordering additional supplies and is also required for the permanent cost record. 

This form supplements Form ISOl—Revised, and is believed to be adapted to 
present-day water service uses. , , -n , 

Form 1301-A is presented to the Association this year as mformation and will be 
recommended for adoption in the Manual at a later date. 
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The North And South Railroad 

Quarter Monthly Report Of Water Treating- Plant Operation 

.5TATI0N Division , Period Ending 


CHHmiT No 3 
Form 1301 -a 

Recommended 


[month Of 

lA 

Gallons Of Water 

Chemical Formula 
Lbs Per Vat Inch 

Lbs 

Df Chemi 

CALS Us 

ED. 

Appearance 

Of Water 

Check 

Covi 

Dates 

:R£D 

Pumped 

Treated 

Lime 

Soda 

Ash 

COAO 

Lime 

Soda 

Ash 

COAO 

Co AO 

Raw 

Tieated 

T 


—Iz] 

-IS ) — 


“fsT" 

(6) 

(71. _ 

(0) 

.J2L- 

,■ l'°), , 



1 

8 

16 

24 












2 

3 

17 

25 












3 

10 

18 

26 

— 











4 

II 

13 

27 












5 

12 

20 

28 












C 

13 

21 

29 












7 

14 

22 

30 





1 








15 

23 

3) 




1 








Tor 

C 

rAi4 

>ERI 

i Fc 
OD 

>R 










Record Of Chemical Supplies 


Chemical 

Supply 

Item 

Unit 

On Hand 
First Of 
Period 

Received 

During 

Period 

Total To 
Account 
For 

On Hand 
End Of 
Period 

Amount 

Used 

Unit 
Price • 

Cost 

^For 

Period 

Handlino 

Charoes 

(BJ 

OA ) 

(IS) 

(is) 

(I7J 

(13 

(19) 

“IzoJ 

“TzI) 

(zz) 

Lime 

Lbs 









SODA Ash 

Lbs 









COAA 










ioA». 































Total For Period 


Remarko:- 


INSTROCTIONS * 

Hia RtPoffr 1b Bt Paetwno In QuM)»w.icATt Bv Arreno^r In Cm>oc Of Plant 
omwtAL Ano Onc Copy To Bt Maiup To SitPtRvtjoB 
SuFtRVoot lb FwtWAAB APMoVtP OtWINN. To 3UFT WATIU SUPPLY 
M Copt 1b Bt Sint D«ct -nir ativo Plant 1b CMKr Ciicmbt, 

COLUMV3 2 TO iz Inclusive .To &t PosTtP Each Rw By Attihpant 
COUJMW 14 To IS " , * " At Cnp Of Pipiop By ATrfNPAKT. 

Cost mrodMATtON To Be CKywnco r«?o« Matcruu. Accountin* Dipt. 


Signed ■ 

Attenpant In Charge 


, Signed 

Water Suppuy Supbrvisor 
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EXHIBIT 4— FORM 1303— REVISED 

This form is intended for a permanent record of water station facilities and as such 
to be kept in the headquarters of the operating and maintenance officials in charge of 
division and system. 

The title “Record of Water Station Facilities” is believed to cover the subject in- 
tended. Column headings call for only essential information, as details regarding each 
facility would require a form that would be too large and unwieldy to be satisfactory. 
Column headings cover necessary information for intelligent answering of any general 
question that might come up concerning facilities at water station in question. 

The form should be adapted to conform to requirements of company using. It can 
be set up for blue print reproduction on one or more individual sheets; kept on printed 
form in loose leaf book with headings printed on both sides; or the information called 
for can be kept in a card index file. 

This form supersedes Form 1303 now in the Manual and is believed to be adapted 
to cover present-day water service organizations. 

Form 1303 — ^Revised is presented to the Association this year as information and 
will be recommended for adoption in the Manual at a later date. 


Appendix G 

(E-1) METHODS AND FORMS FOR GATHERING THE DATA FOR 
KEEPING UP TO DATE THE VALUATION AND OTHER REC- 
ORDS OF THE PROPERTY OF RAILWAYS WITH RESPECT TO 

(a) Changes made necessary by government regulations 

(b) Simplicity and practicability of use 

W. W. James, Chairman, Sub -Committee; E. Y. Allen, B. A. Bertenshaw, E. V. Braden, 
V. H. Doyle, D. E. Field, W. E. Gardner, A, T. Hopkins, W. R. Kettenring, C. A. 
Knowles, E. W. Metcalf, A. T. Powell, H. L. Restall, James Stephenson, H. J. 
Stroebel, Louis Wolf, W. H. Woodbury. 

The purpose of the Committee this year has been to review the forms previously 
submitted by Committee XI and, after carefully considering the entire situation in a 
broad manner, determined which forms are obsolete and of little use ; which forms should 
be held in abeyance; and which should be retained, with or without revision. The Com- 
mittee has had in mind that a proposed new uniform system of accounts embodying 
depreciation accounting is under consideration, consequently, it has been thought best 
to hold certain matters in abeyance for the present. 

Following is a list of forms included in the Proceedings and/or Manual. 




Proceedings Reference 

1929 

Refermce 

f Subject 

Volume 

Year 

Page 

Exhibit 

Manual 

No, 





No. 

Page 

(1) 

(2) 

(3) 

(4) 

(S) 

(6) 

(7) 

(1) 

(2) 

(3) 

(4) 

(3) 

(6) 

(7) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

1 

Authority for Expenditures 

29 

1928 

881 

9 

719 

2 

Detailed Estimate 

29 

1928 

882 

10 




33 

1932 

603 

4 

721 

3 

Register of Authorities for Expenditures 33 

1932 

603 

3 

723 

3-a 

Report of Quantities in Completed Work 29 

1928 

871 

5 


4 

Roadway Completion Report 

32 

1931 

S12 

8 

724 

S 

i^quipment Completion Report . . . 

31 

1930 

872 

8 




31 

1930 

874 

10 

725 
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Reference Subject 

No, 


Proceedings Reference 
Volume Year Page Exhibit 
No. 


6 

Record of Property Changes 

29 

1928 

874 

21 



29 

1928 

909 

22 



29 

1928 

910 

23 



30 

1929 

602 

A 



30 

1929 

604 

C 



31 

1930 

86S 

1 



31 

1930 

866 

2 



31 

1930 

867 

3 

7&8 

Record of Equipment Changes 

29 

1928 

874 

17 



30 

1929 

606 

E 



31 

1930 

875 

11 



29 

1928 

906 

IS 



29 

1928 

907 

10 



29 

1928 

908 

20 

9 

Equipment Unit List 

31 

1930 

876 

12 

10 

Shop Machinery and Tools 

29 

1928 

90S 

16 



32 

1931 

516 

11 

11 

Roadway Machine Record 

29 

1928 

904 

15 



32 

1931 

SIS 

10 

12 

13 

Record of Side Tracks \ \ 

List of Side Tracks j ^ 

29 

31 

33 

1928 

1930 

1932 

900 

871 

601 

11 

7 

1 

14 

Building Record 

29 

1928 

901 

12 


29 

1928 

902 

13 

IS 

Construction Report Timber Trestles . . 

29 

1928 

911 

24 

16 

Construction Report, Wood Boxes & 






Pipe Culverts 

29 

1928 

912 

25 

17 

Construction Report, Concrete Trestles 






Arches and Boxes 

29 

1928 

913 

26 

18 

Construction Report, Steel Bridges 

29 

1928 

914 

27 

19 

Report of Rail Change 

29 

1928 

915 

28 

20 

Report of Ballast Change 

29 

1928 

916 

29 

21 

Record of Rail in Track 

29 

1928 

917 

30 

22 

Record of Heat Number 

29 

1928 

918 

31 

23 

Collection Sheet for B.V. Form 589 

30 

1929 

607 

F 

24 

Reconciliation with Form 588 

31 

1930 

868 

4 

25 

Adjustment Unit Changes 

31 

1930 

870 

6 

26 to 

Methods and Forms for Bringing Land 





32 incl. 

Valuations to Date 

32 

1931 

507 

to 

511 

1-7 

33 

Price Trends 

32 

1931 

517 

12 

34 

Definition of Terms 

29 

1928 

852 




32 

1931 

503 



1929 

Manual 

Page 


716 


701 


Bui. No. 337, July 1931, p. 79 


The Committee makes the following recommendations as to these forms: 


1. Authority for Expenditures 

It is recommended that Form 1113 Rev., Proceedings, Vol. 29, 1928, page 881, be 
included in the Manual with the text as shown in the 1929 Manual on pages 720 and 721. 

It is recommended that Form 1113, as shown in the 1929 Manual, page 719, be 
withdrawn. 


2. Detailed Estimate 

It is recommended that Form Exhibit 4, Proceedings, Vol. 33, 1932, page 603, be 
included in the Manual as Form 1114 Rev., with the text as shown in the 1929 Manual 
on page 722. 
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It is recommended that Form No. 1114, shown in the 1929 Manual, page 721, be 
withdrawn. 

5. Register of Authorities for Expenditures 

It is recommended that Form Exhibit 3, Proceedings, Vol. 33, page 603, be included 
in the Manual as Form lllS Rev., the text to accompany same to read as follows: 

(c) Register of Authorities for Expenditure Form 11 IS Rev. 

Specifications for Form 1115 Rev. 

Form as here shown. Size 11x17 inches. Printed on white medium ledger 
paper; all lines and- printing black. Horizontal lines five to the inch. 

Instructions for Use of Form 11 IS Rev. 

As each project is authorized, the number, date, location, description and 
estimated cost should be entered on this form in order of the numbers assigned. 

As the completion reports are submitted the remaining information called for 
on the form should be entered at once. This form is designed to be kept in a 
loose-leaf binder. One book should be kept for each owning company. 

It is recommended that Form lllS, as shown in the 1929 Manual, page 723 and 
the text pertaining to same, shown on page 722, be withdrawn. 

4. Roadway Completion Report 

The Committee approves the form shown in Proceedings, Vol. 32, page S12, Exhibit 8 
(in lieu of Form 1117 shown in the 1929 Manual, page 724) but recommends that the 
publication of this form in the Manual be held in abeyance until after the proposed new 
uniform system of accounts is issued. 

5. Equipment Completion Report 

It is recommended that Form 1118, as shown in the 1929 Manual, page 72S, remain 
without change. 

6. Record of Property Changes 

7 and 8. Record of Equipment Changes 

9. Equipment Unit List 

The record of property changes follows the completion report. (1) The first step 
in compiling the record of property changes should be the recording of all property 
changes in a condensed form by years. (2) It should consist of the collection of items 
for use in the preparation of B.V. Form S88 R and its sub-schedules. (3) It should con- 
sist in keeping a running record, or a perpetuation, of quantities for aU years. 

In view of the possibility of Depreciation Accounting prescribed under I.C.C. Docket 
IS 100 (which may require a more detailed record of property changes than that required^ 
by Valuation Order No. 3 and its Supplements), the Committee feels that it is unwise at 
this time to recommend any additions to or changes in the text or forms now in the 
1929 edition of the Manual. 

The Committee recommends that these three subjects be held in abeyance until the 
atmosphere has cleared in respect to I.C.C. Docket ISlOO, and in respect to possible 
legislation affecting valuation procedure. 

10. Shop Machinery and Tools 

It is recommended that Form Exhibit 11, Proceedings, Vol. 32, 1931, page S16, be 
included in the Manual with the following text: 

Specifications for Form Exhibit 11. 

Form ^ here shoym. Size 854x11 inches. Printed on white medium ledger 
paper; all lines and printing black; horizontal lines five to the inch. 

Instructions for Use of Form Exhibit 11. 
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There will be only one machine recorded on a sheet. The sheets will be 
kept in machine number order or by location and title of machines, as desired. 

11. Roadway Machine Record 

It is recommended that Form Exhibit 10, Proceedings, Vol. 32, 1931, page 515, be 
included in the Manual with the following text: 

Specifications for Form Exhibit 10. 

Form as here shown. Size 834x11 inches. Printed on white medium ledger 
paper; all lines and printing black; horizontal lines five to the inch. 

Instructions for Use of Form Exhibit 10. 

This form is designed to record roadway machines according to kind, such 
as motor cars, concrete mixers, etc. 

^2. Record of Side Tracks 

13. List of Side Tracks 

It is recommended that Form Exhibit 7, Proceedings, Vol. 31, 1930, page 871, be 
included in the Manual with the following text: 

Specifications for Form Exhibit 7. 

Form as here shown. Size 11x17 inches. Printed on white medium ledger 
paper; all lines and printing black; horizontal lines five to the inch. 

Instructions for Use of Form Exhibit 7. 

This form is an individual side track record designed to keep an up-to-date 
record of side tracks. Provision has been made for showing the principal char- 
acteristics of the track with valuation inventory quantities and subsequent 
changes thereto for items in the various accounts. In order to conform with 
the information required and save space, the vertical ruling above the double 
line immediately over line 1 and to the right of Column 3 should be left off the 
form and inserted as the form is made up; for example: an A.F.E. may include 
only units added, in which case a double vertical line will be extended to the top 
of the form as illustrated by Column 4; another A.F.E. may have units added 
and units retired that had been included in the basic valuation, in which case 
the vertical double line ruling would be as illustrated in Columns 5 and 6 ; where 
an A.F.E. contains all cases, that is, units added and units retired both from 
Engineering Report and from property installed subsequent to valuation date, 
the ruling would be as illustrated by Columns 7, 8 and 9. Again the retired 
units are subdivided into those installed before and after valuation date. If 
desired, a sketch of the track may be kept on the reverse side of the form on 
which may be shown by survey stations or otherwise the exact location of 
changes made in the track. 

14. Building Record 

It is recommended that Form Exhibit 12 and 14, Proceedings, Vol. 29, 1928, pages 
901 and 903, be included in the Manual (eliminating from Exhibit 14 the clause “and 
13”), with the following text: 

Specifications for Form Exhibit 12 and 14. 

Form as here shown. Size 834x11 inches. Printed on white medium ledger 
paper; all lines and printing black. 

Instructions for Use of Form Exhibit 12 and 14. 

These forms are designed for the purpose of keeping a detailed record of 
all buildings. It is intended that all structures of this character should be num- 
bered and changes to each building recorded by “Authorities for Expenditures.” 
Exhibit 14 is the reverse side of Exhibit 12. This form may be used as a card 
index. 

23. Collection Sheet for B.V. Form 589 

Form Exhibit “F”, Proceedings, Vol. 30, 1929, page 607, was designed for use in 
compiling B.V. Form 589. Supplement No. 6 to Valuation Order No. 3, Second Revised 
Issue, effective Jan. 1, 1930, provides that upon application to and with the approval of 
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the Director of the Bureau of Valuation, carriers may be relieved from preparing and 
filing B.V. Form No. 589 for any period or periods for which the complete reports are 
filed upon forms like B.V. Form 588. 

24. Reconciliation with Form 588 

It is recommended that Forms Exhibit 4 and 5, Proceedings, Vol. 31, 1930, page 868, 
be included in the Manual with the following text: 

Specifications for Forms Exhibit 4 and 5. 

Forms as here shown. Size 11x17 inches. Printed on white medium ledger 
paper; all lines and printing black; horizontal lines five to the inch. 

Instructions for Use of Forms Exhibit 4 and 5. 

Forms Exhibit 4 and 5 are for use in reconciling the amounts reported on 
B.V. Form 588 with the amounts charged to Investment in Road and Equip- 
ment. Exhibit 4 has the binding margin on the right while Exhibit 5 has bind- 
ing margin on left. The headings under “year ended December 31st,”^ will, of 
course, need to be modified to agree with the valuation date. Exhibit 5 will 
show at a glance for each A.F.E. the total charged on ledger and the corre- 
sponding amount shown on B.V. Form 588, with the difference recorded in 
Column 3. Columns 4 to 15, inclusive, collect the information in proper form 
for reporting and recording in accordance with Valuation Order No. 25. In 
Column 16 will be listed the items corresponding to the amounts shown in 
Columns 6, 9, 12 and 15, “Other Reasons.” 

26 to 32 inclusive. Methods and Forms for Bringing Land Valuations to 
Date 

It is recommended that carriers make use of forms printed and used by the I.C.C., 
Bureau of Valuation, Land Section. These forms can be secured upon application to 
the Interstate Commerce Commission. 

List of Such Forms 

B.V. Form No. 501-RR-~Land Field Notes 

B.V. Form No. 502 — Local Opinions of Values of Similar Lands 

B.V. Form No. 504 — Sales Record of Similar Lands 

B.V. Form No, 504-X — Supplemental Sales Sheet 
B.V. Form No. 505 — ^Latest Assessments of Similar Lands 

B.V. Form No. 506-R — ^Additional Form for Establishment of Assessment 
Ratio 

B.V. Form No. 507-R — Supplemental Sheet 

Form Letter for Requesting Information 

All of these forms are 8j4xll inches, punched for loose-leaf use and are substantially 
the same as those shown heretofore in the Proceedings. The use of these forms has the 
advantage of allowing the Bureau and the Carrier to receive duplicate copies of each 
other’s data, and corrections may be made in such a manner that the underlying data 
can be readily checked by either party. 


Appendix H 

(E-2) methods used in recapture PROCEEDINGS 

Chas. Silliman, Chairman, Sub-Committee; A. Anderson, H. T. Bradley, E. S. Butler, 
C. A. Knowles, J. R. ^Leguenec, Jr., W. S. McFetridge, E. W. Metcalf, James 
Stephenson, W. H. Woodbury. 

In the report of the Committee for 1931, attention was called to the move in 
Congress to bring about a change in the Transportation Act relative to the recapture of 
so-called excess earnings. In February, 1932, the House Committee on Interstate and 
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Foreign Commerce, Samuel Rayburn, Chairman, held an extended hearing on BiUs HR. 
7116 and 7117. At this hearing Commissioner Eastman, for the Interstate Commerce 
Comnodssion, recommended the repeal of Section ISa of the Transportation Act. Mr. 
Thom, representing the Association of Railway Executives, supported this and went fur- 
ther, recommending the repeal of Section 19a as well. Commissioner Lewis, of the 
Interstate Commerce Commission, earnestly advocated the continuance of 19a and the 
organization the Commission has for its handling. Other witnesses, including repre- 
sentatives of the Security Owners’ Association, the National Association of Public Util- 
ities Commissioners, the Labor Organizations, etc., recommended the repeal of the re- 
capture law. In fact, no evidence to the contrary appeared. 

On April 28, Chairman Rayburn introduced in the House of Representatives a bOl, 
H.R. 11677, consisting of two parts, one with reference to consolidations and the status 
of holding companies, and the other, like H.R. 7117, covering the repeal of the recapture 
law. The report of the Committee accompanying the Bill contained two minority re- 
ports, one objecting to the consolidation and holding company section; the other minority 
report dissenting from the recommendation for repeal of the recapture law and sug- 
gesting instead that it be modified to the extent that a longer period than one year be 
considered in computing so-called excess income, in order that the carriers’ revenue in 
fat years might offset the lean years, etc. 

Early in May an effort was made to have the Rules Committee advance this Bill 
for hearing on account of the approach of the close of the session, but this request was 
denied. 

A bill similar to the so-called Howell Bill, described in our report of last year, was 
submitted to the Senate some time ago, and referred to a sub-committee, but no action 
has been taken thereon. 

In his testimony before the House Committee, Commissioner Eastman pointed out 
that up to and including the year 1930, the carriers’ recapture liability amounted to 
approximately $361,000,000, of which $10,679,000 had been paid in. 

Richmond, Fredericksburg & Potomac RR., F.D. 3898 — ^The situation regarding this 
interesting case, as set out in our last report, is not materially changed at this time. The 
application for injunction against the Comptroller General having been decided adversely 
by the District of Columbia Supreme Court, an appeal was taken to the District Court 
of Appeals. This was heard on October 7th. 

In the meantime the United States brought suit against the carrier for the recapture 
amounts, to which suit the carrier has filed a motion to dismiss. After the motion was 
filed the Interstate Commerce Commission intervened as a party plaintiff. The answer 
to the motion is due to be filed not later than November 19th. 

St. Louis & O’Fallon Ry. Recapture Proceeding, F.D. 3908. — On July 28, 1932, a 
further proposed report, by Examiner P. A. Conway, was released. The progress of this 
famous case is as follows: 

Feb. 27, 1926 — ^Examiner Kelly Report 

Feb. 15, 1927 — Decision of Commission 

May 20, 1929 — ^Decision of Supreme Court 

Jan. 23, 1930— Oral Arguments 

Feb. 10, 1930 — ^Proceedings ordered reopened 

May 5, 1930— Hearing begun, Examiner Folsom 

June 10, 1930— Hearing concluded 

July 28, 1932— Report of Examiner Conway 

As a result, apparently, of attaching greater wei^t now to the factor of, cost of 
reproduction than was attached in the original report, and after some six years’ cqnMd- 
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eration, a reduction of some 12^4 per cent is made in the recapture amounts. This re- 
duction is approximately $28,814. Substantially all of the contentions of the carrier at 
the last hearing are overruled, and no new principles developed that have not been 
brought out in the R.F.&P, Case. There are no substantial differences in the amounts 
for the several elements underlying the determination of value. 

Lehigh & New England Railroad, F.D. 3803.— A proposed report by Examiner 
M. H. Brinkley was released in July, 1932. This case is of particular interest on account 
of the vigorous attack made by the carrier on the Bureau method of determining depre- 
ciation. The proposed report, however, overrules the contentions of the carrier in this 
matter. 

Norfolk & Western Railway Recapture Hearing, F.D. 3865, began in February, 1932, 
and continued to July, the reproduction claims of the carrier having been presented. 
This hearing will be resumed the latter part of October. 

Pere Marquette Recapture Hearing, F.D. 3886, began in July, 1932, and the carrier’s 
case, or testimony, was concluded October 12th. 

The Bessemer & Lake Erie Railroad, F.D. 3633, and the Union Railroad Company, 
F.D. 3966, were jointly begun on September 14th and concluded October 8th. 

Tentative recapture reports have been issued upon a number of short line carriers, 
dates set for the hearings on the carrier protests, and in many cases the hearings com- 
pleted. 

On September 27th announcement was made that, at the instigation of a number of 
leading banks and principal insurance companies of the country, a committee composed 
of Hon. Calvin Coolidge, Chairman; Hon. Alfred E. Smith, Bernard M. Baruch, Clark 
Howell, and Alexander Legge, had been formed to make a careful survey of the trans- 
portation industry and point out remedies needed to assist in the improvement of the 
general business conditions throughout the country, as well as investigate and recommend 
legislation or other means necessary to correct the present deplorable position of the 
railroads. 


Appendix I 

(F-2) DEVELOPMENTS UNDER I.C.C. ORDER NO. 15100— DEPRE- 
CIATION CHARGES OF STEAM RAILWAY COMPANIES 

J. H. Hande, Chairman, Sub-Committee; E. Y. Allen, B. A. Bertenshaw, A. M. 
Blanchard, E. V. Braden, H. T. Bradley, R. R. L. Bullard, V. H. Doyle, James 
Erskine, D. E. Field, C. R. Harte, W. W. James, W. R, Kettenring, P. R. Leete, 
Henry Lehn, A. T. Powell, H. L. Restall, F. C. Sharood, H. J. Stroebel, G. R. Walsh, 
Louis Wolf. 

This Committee has submitted four previous reports under the assignment “Methods 
and Forms for Handling the I.C.C. Requirements under Order No. 15100 — Depreciation 
Charges of Steam Railway Companies,” which were published in the Proceedings of the 
Association as follows: 


Volume 

30, 

1929, page 

612, 

Bulletin 

313 

« 

31, 

1930, “ 

877, 

<( 

322 

<c 

32, 

1931, “ 

519, 


333 

(( 

33, 

1932, “ 

613, 


344 


As previously reported, the Commission released early in September, 1931, its final 
report and Order in Docket No. 15100, decided July 28, 1931. Under date of March 14, 
1932, the effective date requirements of this Order were officially postponed for one year, 
the primary account composite depreciation rates to be submitted by September 1, 1933, 
and depreciation accounting inaugurated January 1, 1934. 
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Successive tentative drafts of the proposed new “Uniform System of Accounts,” 
embodying depreciation accounting, have been issued from time to time, but only for 
use in revision conferences between accredited representatives of the Commission and of 
the carriers. The last of these tentative drafts was issued in March, 1932, in a limited 
number of copies for conference use only. Until the new classifications are issued in 
final form and are made effective by Order of the Commission, it is inexpedient for this 
Committee to submit further analyses of depreciation requirements to this Association. 

The Committee wishes to state, however, that it has made substantial progress in 
preparing a complete report on recommended procedure and forms under the require- 
ments of the March, 1932, tentative draft, which can be brought into accord with the 
final text of the classifications very shortly after their promulgation. Discussions will 
continue with regard to recommended procedure and forms to the end that the report 
may be as complete and representative as possible, and be ready for publication if and 
when the new classifications are formally made effective by the Commission. 


Appendix J 

(F-3) METHODS FOR AVOIDING DUPLICATION OF EFFORT AND 
FOR SIMPLIFYING AND CO-ORDINATING WORK UNDER THE 
REQUIREMENTS OF THE INTERSTATE COMMERCE COM- 
MISSION 

F. C. Sharood, Chairman, Sub- Committee; H. T. Bradley, V. H. Doyle, C. C. Haire, 

F. C. Kane, C. A. Knowles, H. L. Ripley, Chas. Silliman, D. W. Smith, H. J. 

Stroebel, W. M. Ludolph. 

Progress reports upon this subject were presented at the 1931 and 1932 conventions 
(1931 Proceedings, page 520; 1932 Proceedings, page 618). 

Shortly after the 1932 convention, the Interstate Commerce Commission prepared 
a tentative draft of a new uniform system of accounts for steam railroads which has 
not been given general circulation. 

The Commission, in the draft referred to, has attempted to coordinate its procedure 
with respect to property investment accounting with the valuation and depreciation mat- 
ter. However, the proposed system of accounts is only tentative and may be so changed 
before made final that any benefits contained therein will be lost. 

The Committee feels that the procedure in connection with reports to the Bureau 
of Finance, in the important function of the Commission in the matter of jurisdiction 
and control of the issuance of securities, should be so modified that data can be com- 
piled from the same basic records as the reports to the Bureau of Valuation are made 
without the expense in restating and recasting now necessary. Also that annual reports 
to the Bureau of Statistics can be revised so that the sections of that report which deal 
with physical property can be made from records kept for other purposes without 
recasting. 

The Committee has reached the conclusion that it is practicable to design a single 
system of records and reports for all regulatory purposes of the Commission, as wdl as 
for carrier use — ^provided the problem is worked out by the use of intelligent engineermg 
and accounting judgment. 

There has been and still is considerable confusion in the dealings of the carriers 
with the Commission on this subject. The existing conditions will obtain until the 
carriers coordinate their activities in presenting their views to the Commisdon. 
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This Committee has reported many times to this Association that it is a bystander 
in its relationship to this subject and until such time as it is recognized as a carrier 
agency working for a common good in an attempt to furnish practical solutions for 
problems that are essentially within its field of activity, its efforts are probably wasted, 
but the Committee recommends that the subject be continued on the docket of Com- 
mittee XI in order that the necessity for united action be kept before the membership 
of the Association. 


Appendix K 

(F-4) RECOMMENDED PRACTICE TO BE FOLLOWED IN PRE- 
PARING DATA FOR RATE AND OTHER CASES WITH RESPECT 
TO VALUATIONS, ALLOCATION OF OPERATING AND MAIN- 
TENANCE COSTS TO VARIOUS ZONES AND ALLOCATION OF 
COSTS TO SPECIFIC SERVICES RENDERED 

F. C. Sharood, Chairman, Sub -Committee; R. R. L, Bullard, W. F, Cummings, F. C. 
Kane, Henry Lehn, H. L. Restall, F. X. Soete, James Stephenson, Louis Wolf, 
W. H. Woodbury. 

An oral report on this subject was made at the 1932 convention. 

Since this subject was placed on the docket of Committee XI, a very radical change 
in accounting procedure has been proposed by the Interstate Commerce Commission in 
the form of a tentative draft of a revised uniform system of accounts for steam railroads, 
and changes in that section of the Interstate Commerce Act which deals with valuation 
have been the subject of discussion in Congress. 

Therefore your Committee believes that any effort on its part to make recommen- 
dations within the scope of this subject at this time would be a useless expenditure of 
time on its part and money in printing on the part of the Association. 

The Committee requests permission to continue this subject on its docket with the 
understanding that a definite report will be rendered at some later date when the present 
confusion and uncertainty has been cleared away and the requirements of the Commis- 
sion as to accounting, depreciation and valuation have been more definitely fixed. 



REPORT OF COMMITTEE XXIII— SHOPS AND 
LOCOMOTIVE TERMINALS 


L. P. Kimball, Chairman; 
C. M. Angel, 

W. H. Barton, 

C. E. Beveridge, 

R. A. Black, 

H. G. Dalton, 

A. G. Dorland, 

E, A. Dougherty, 
Benjamin Elkind, 

C. E. Harris, 

To the American Railway 
Your Committee 

(3) 

(4) 

( 5 ) 


A. T. Hawh, 

L, C, latoscH, 

A, S. Kent, 

E. E, Kimball, 

L. H. Larfoley, 

H. C. Lorenz, 

J. S. McBride, 

W, S. McFetridge, 

F. E. Morrow, 

B. M. Murdock, 

Engineering Association: 


J. M. Metcalf, Vice- 
Chairman; 

E. S. Prnnebaker, 

V. B. W, POULSEN, 

W. A. Radspinner, 

E. H. HOTH, 

John Schofield, 

L. K. Shlcox, 

H. W, Williams, 


M. j, T. Zeeman, 

Commiitee, 

respectfully presents herewith report covering the following subjects: 
Firing-Up Stations for Locomotives (Appendix A). 

Turntables (Appendix B), 

Application of Uuit Heaters to Shops and Locomotive Terminals (Ap- 
pendix C). 


Progress is also reported on the following subjects: 

(1) Revision of Manual. 

(2) Welding Equipment Installations as Applied to Shops and irocomotive 

Terminals. 

(6) Wheel Removing Equipment for Engine Houses. 

(7) Car Wheel Shops. 


Action Recommended 

1. That the reports in Appendices A and C be accepted as information. 

2. That the conclusions of report in Appendix B be accepted for inclusion in the 
Manual as a substitution for the matter now appearing under the guh^headings “Turn- 
table” and “Turntable Pit” under the subject heading “Engine House Design” on page 
1471 of the 1929 edition. 

Respectfully submitted, 

The Committee on Shops and Locomotive Tkiminals, 

L. P. Kimball, Chairman, 


Appendix A 

(3) FIRING-UP STATIONS FOR LOCOMOTIVES 

L. H. Laffoley, Chairman, Sub-Committee; A. G. Dorland, A. S. Kent, H. C. Lorenz, 
F. E. Morrow, E. S. Pennebaker, J. Schofield, M. J. T. Zeeman. 

Definition 

Firing-up Stations are used to ignite the locomotive fires outade the engine house 
at such terminals where direct steaming is employed, excepting, of course, where there 
are oil burning locomotives. 

In the majority of engine houses where direct steaming is used the locomotives 
leave the house under their own steam, but without fire and proceed to the Firing-up 
Station, where, by the use of a vacuum or pressure oil torch system or other means, 
the fire is lighted. 


Location 

Firing-up Stations are located on the outbound tracks between the turntable and 
the coaling station, the distance from the former being about 250 to 400 feet. A typical 
location is indicated in Fig. 1. 
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Fig. 1.— Typical Location of Firing-Up Station. 


Types of Installation 

The installations now in use on various roads may be classified under two general 
headings, according to the means of housing the firing-up equipment. 

(a) Below grade, i.e., housed in a concrete pit, which, where climatic conditions 
warrant, should be steam heated. 

(b) Above grade, i.e., preferably housed in a metal or other fireproof structure 
situated alongside the outbound engine track. 

The firing-up equipment consists of an oil tank provided with the necessary hose 
and torch or nozzle, the latter being of either vacuum or pressure type. 

Installation should include proper protective devices to safeguard oil storage tank 
from back fire or excessive pressure. 

In case (a) where the equipment is housed in a pit, see Fig. 2, the tank is fixed and 
for that reason requires the locomotive to be spotted within the range of the hose length 
available. 

On the other hand, the pit, being below grade, does not interfere with track clear- 
ances as does the house in type (b) . 

In type (b) with the house above grade, see Fig. 3, the tank and torch equipment 
can be mounted on wheels, thus providing a more flexible unit. 

In both cases compressed air is required and, if at all possible, an oil supply line 
should be pn to the pit or house for replenishing the oil tank supply. 

At some points the locomotive fires are ignited by means of oil soaked wood shav- 
ings, but this practice is not to be recommended as it causes unnecessary smoke, the 
avoidance of which is one of the objects of direct steaming. 
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Appendix B 
(4) TURN'TABLES 

J. M. Metcalf, Chairman, Sub-Committee; C. E. Beveridge, R. A. Black, A. G. Borland, 

Benjamin Elkind, H. C. Lorenz, W. S. McFetridge, B. M. Murdock, E. H. Roth. 

The technical study of design and specifications for turntables lies within the 
province of Committee XV— Iron and Steel Structures, and has been well covered by 
that Committee. Its conclusions appear in the 1929 Manual, pages 1234 to 1239, as 
recommended “Specifications for Steel Railway Turntables”. These are generally recog- 
nized as standard practice and are largely used in design and purchase of turntables. 
This Committee has made no attempt to review them, and feels that when develop- 
ments may make revisions desirable, they should be made by Committee XV. 

As assigned to the Committee on Shops and Locomotive Terminals the subject has 
been interpreted as applying rather to the functions of turntables, their place in loco- 
motive terminal design, and the essential general features of construction and maintenance. 

Turntables are in general use at locomotive terminals for turning power and for 
providing convenient movement between service tracks and engine houses. The whole 
design of the circular engine house is based upon the turntable at its center, which makes 
it possible for locomotives to enter and leave any stall with minimum movement, headed 
in either direction. At small outlying terminals caring for few locomotives there are 
advantages in simplicity of operation and maintenance in favor of the wye for turning 
locomotives. For electric locomotives, designed for operation in either direction, and 
hence not requiring to be turned at terminals, a rectangular engine house without turn- 
table serves satisfactorily, especially where the number of locomotives handled is not 
so great as to involve too much complexity in track layout, but for the steam locomotive 
terminal, where any considerable number of locomotives are cared for, the circular house 
with stalls radiating from a central turntable, has been found necessary. 

The modern turntable is commonly a girder supported at both ends and center, and 
pivoted in the center so as to be turned readily. Where drainage conditions permit the 
deeper pit required, the deck type of girder is generally preferred and is less likely to be 
damaged in case of derailment, but through tables are in satisfactory use at many places, 
where a shallow pit is desirable. A center bearing designed to facilitate the turning 
movement, and end support on trucks moving on a circular rail are essential features. 
The roller type center bearing with heavy conical rollers has been replaced in many 
recent installations by a bronze flat disc center which is found to stand up better under 
heavy service, requiring less care and less expense for maintenance. The circle rail, for 
supporting the end trucks, is commonly a rail of heavy section, curved to the proper, 
radius, and may be set on ties supported on a concrete base, or on special plates or 
t^tin^ set concrete. 

^ ^Cslandild timber bridge deck floored with plank is most commonly used to support 
t|:e track rails. Length and thickness of ties required depends on spacing of the turn- 
table girders. Special steel beams often are used at the table ends, instead of wood ties, 
to provide the additional strength required to withstand the impact resulting from move- 
ment of locomotives entering the table. 

Cleanliness and proper drainage of pit are essential to satisfactory maintenance, and 
a concrete floor over the entire pit, with adequate sewer is desirable, though macadam 
or Other paving may give fairly successful results. 

In ffipdeni installations, a concrete rim wall supporting the radial tracks commonly 
extends around the full circle Of the table. A timber wall, sometimes extending only 
under the poirtrons of the circle where required for the approach tracks, may be used 
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for outl3ring installations serving only a few radial tracks, but is less satisfactory for the 
long deep tables required for modern heavy power. Good practice calls for an opening 
in the rim wall at one point in the circle, large en'^ugh to accommodate one or more 
workmen inspecting or adjusting the end trucks and tractors. 

Coping timbers or steel beams may support the radial track rails on the rim wall. 
These should be anchored to the concrete wall and the rails held in place both longi- 
tudinally and laterally by suitable fastenings. If required, additional anchorage should 
be provided to prevent the possibility of radial rails creeping to or from the pit. It is 
desirable that the angles between radial tracks be great enough to make frogs unneces- 
sary. Spacing such that rads of adjacent tracks may be blocked and bolted together 
helps in holding the rails in proper position. 

The use of rail locks to assure that the table rails line with the radial track before 
a locomotive moves on to or off the table w^as formerly thought essential but such locks 
are now commonly omitted or not used. 

Until recent years turntables were all designed to support the locomotives balanced 
on the center and turning with both ends free. Greater length and weight of locomo- 
tives made this increasingly dif&cult and the balanced type of table has given way, in 
most modern installations, to one in which both ends also are supported. These may 
be of articulated or twin-span type or of continuous girder type. In either, the girder 
becomes two spans, each supported at both ends, instead of a single span balanced and 
supported only in the center. By the use of the three-point type a reduction is effected 
in the weight of girder necessary to support a balanced locomotive and correspondingly 
in the depth of pit. There may also be some saving in the length of table required, 
which in the balanced type must provide a perfect balance under the different conditions 
resulting from loaded and empty tenders, as well as in the size and design of center. 
The three-point table, however, requires much greater tractive force, and consequently 
heavier and more expensive power. It also requires a heavier design of circle rail and 
circle rail support. 

Considerable vertical play is necessary at the ends of a balanced table to provide 
for the deflection of the table under load. This involves tipping the end down when 
a locomotive enters and leaves with a pound on the ends and straining of the center. 
The end supported three-point type should be maintained with table rails at all times 
practically at the same level as the radial tracks and under these conditions much of the 
expense of maintaining the track, the table, the trucks and the center is reduced. At the 
same time, elimination of the necessity for balancing the locomotive on the table speeds 
up operation and materially increases the capacity of a busy table. 

In some cases it may be possible to effect a substantial increase in the life of an old 
table, designed for balanced operation, and over-stressed under modem power, by con- 
verting it to the three-point bearing type. This involves application of heavy end 
trucks and additional tractive power. 

Except for outlying terminals, where only a few light locomotives are turned, the 
old practice of turning by man-power is obsolete, replaced by mechanical traction. For 
the older balanced type, tractors, operated by electricity, or in some cases by air and 
running bn the circle rail, may be applied to one or both ends of the table. Electrk 
motors, geared direct to the trucks, at both ends of the table usually supply the power 
for the modern three-point tables. 

As with all machinery, the satisfactory operation of a turntable is dependent upon 
con^ant care and frequent thorough inspection. Lubrication of all moving parts at 
proper intervals is essential. The table should be raised and c«iter carefully inspected 
at least once each year. All parts of table, machinery and pit should be kept dean, 
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and the steel should be kept painted. Pit sewer must be kept open and operating 
properly to insure a dry pit at all times. The maintenance of line and surface of radial 
tracks must be watched. 

Conclusions 

1. Use of a three-point turntable is preferable where long locomotives are to be 
handled. If balanced type table is used, it should be long enough to balance the loco- 
motive when tender is empty. 

2. A deck turntable is usually more economical, but in the balanced type a 
through table may be desirable where use of a deck structure would greatly increase the 
cost or make satisfactory drainage difficult. 

3. Where modern heavy locomotives are to be turned mechanical power for oper- 
ating turntables should be provided. Where current is available, electricity is the most 
reliable means of operating a turntable. The power wires should be led to the table 
underground and so arranged as to minimize danger of interruption of supply in case 
of fire in the engine house or other emergency. Where electric power is not available, 
a compressed air motor may be used. 

4. The deck of the turntable should be wide enough to provide a walk on each 
side, and should be protected with handrails. 

5. The turntable pit should be paved and adequately drained. 

6. The circle wall should preferably be of masonry, with proper supports and 
fastenings for rails on the coping. A timber or steel coping is preferable to a rigid 
masonry coping. 

7. The circle rail should preferably be supported on concrete base with load properly 
distributed by ties, plates, or castings. 

8. Easy access to the parts of a turntable for the oiling of bearings, painting and 
inspection should be provided in the design of the pit, unless ample provision is made in 
the turntable itself. 

9. Thorough lubrication, systematic cleaning of both table and pit, and careful 
inspection at regular intervals are essential to satisfactory operation of a turntable. The 
table should be raised and center thoroughly inspected at least once a year. 

10. Radial tracks should be kept in good line and surface. Radial track and turn- 
table rails should be maintained with proper spacing between their ends and at proper 
relative elevation. 

Recommendation 

It is recommended that Conclusions 1 to 10, inclusive, above, be substituted for 
the matter now appearing under the sub-heading “Turntable” and “Turntable Pit”, 
under the subject heading “Engine House Design” on page 1471 of the 1929 Manual. 

Appendix C 

(5) APPLICATION OF UNIT HEATERS TO SHOPS AND 
LOCOMOTIVE TERMINALS 

B. M. Murdock, Chairman, Sub-Committee; H. G. Dalton, Benjamin Elkind, A. T. 

Hawk, L. C. Hinsch, A. S. Kent, L. H. Laffoley, H. C. Lorenz, V. B. W, Poulsen, 

John Schofield, M. J. T. Zeeman. 

General 

Before the development of unit heaters, the customary method of industrial heating 
was accomplished by the use of direct steam or hot water radiation or the centralized 
fan of hot air heating. 
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To simpKfy the piping and conserve floor space, radiators are usually placed dose 
to the walls. This causes the warm air to rise along the walls to the highest point of 
the building with the result that the warmest part of the building is under the roof and 
adjacent to the radiators along the sidewalls, while the temperature in the center of the 
building is usually much lower. 

To correct this unequal distribution of heat, the central fan system of hot air heating 
was developed. This system consists of a large fan blowing or drawing air through a 
bank of heating coils, the heated air being distributed to difierent parts of the building 
through ducts or pipes. 

This system is an improvement over the direct radiation or pipe coils as it main- 
tains a more uniform temperature throughout the building. However, the large air 
ducts required obstruct light, interfere with crane dearances, and are very expensive. 
While the objection of interference can be overcome by placing the ducts underground, 
this procedure further increases the expense, both in first cost and also in operating cost, 
due to heat losses through the ground. 

To overcome the limitations of these two systems in the field of industrial heating, 
a method of de-centralized hot air heating was developed through the use of. small fan 
heaters which could be located at different points throughout the building. These small 
heaters have been developed in many different types under the caption, “Unit Heaters.” 

The chief advantages of unit heaters over direct radiation are that they circulate the 
air in buildings, reduce condensation, promote uniformity of temperature, permit quick 
heating up, reduce the number of heating fixtures, simplify piping and installation, and 
provide a system which is readily controlled, either automatically or manually. Their 
advantage over the centralized fan system is in the elimination of expensive duct work. 
When desired, the unit heaters may also be used as a means of improving working con- 
ditions by circulating the air in the buildings during the hot summer weather. For these 
reasons, unit heaters are very adaptable to all shop and locomotive terminal buildings. 

Description 

The unit heater is composed of a heating unit or radiator enclosed in a housing in 
which electrically driven fan or fans of either the propeller or centrifugal type are 
mounted. The fans draw or force the air through the heating unit or radiator, dis- 
charging the heated air into the room at various velocities. The directional flow of the 
air is controlled by dampers, louvers, screens or short ducts. 

The items comprising the various types of unit heaters and the materials of which 
they are made vary considerably with the different ideas of the manufacturer. In gen- 
eral, the heating element consists of seamless copper or brass tubing, with copper fins 
helically wound around them. The tubing is fused or screwed into headers of cast 
brass; cast bronze, cast aluminum, cast iron or cast steel. These units are tested under 
hydrostatic pressures varying from 2 SO to 1000 pounds per square inch. 

The fans are made of either sheet steel or some kind of corroaon-resisting material. 
The disc or propeller type is mounted behind the heating shaft, and with this type 
the fan and motor are located behind the heating unit and in the path of the air current. 
The centrifugal type is mounted on a shaft extending the full length of the heater and 
the motor is located on a bracket to one side and out of the path of the air current, 
but in this type the fan casing must have sufficient strength to properly support the 
bracket. 

Motors are of standard design and of constant or variable speed as may be desired. 
They are either open or fully enclosed, depending upon the type of fan. The open type 
are usually used with the centrifugal fan and the fully enclosed with the propellor t5q>e. 
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They are equipped with ball, roller or sleeve bearings and also with thrust bearings 
when used with propeller type fans. 

Types of Unit Heaters 

Several different types of unit heaters are available, floor types with air up-take and 
horizontal discharge, suspended type with horizontal discharge, and ceiling types with 
vertical downward discharge. They are made with single or multiple outletSi In single 
outlets, the air can be discharged in only one direction, but the multiple outlet type will 
permit air to be discharged in two or more directions. Heaters are designed for use with 
low or high pressure steam, hot water, gas, and electricity. In the gas unit, the heating 
medium consists of a gas burner that passes the products of combustion through tubes, 
which transfer heat directly to the air. The electric units are similar in design to the 
other types, with the exception that in this case an electric heating element is substituted 
for the steam or hot water radiator in the other types. 

Selection of Heating System 

As previously stated, unit heaters may be used with either low or high pressure 
steam, hot water, gas or electric systems of heating, the system chosen usually being 
dictated by local conditions. On account of the fewer number of unit heaters which 
would be required by the use of steam, it is generally conceded to be the most economical 
system to use. There are, of course, exceptions, such as cases where long runs of supply 
and return piping would have to be constructed and maintained so that the use of steam 
would not prove as economical as gas or electricity, if they were available. Whenever 
gas heaters are used, care must be taken to see that they are properly vented to the 
outside atmosphere. 

A high pressure steam system is cheaper in first cost, for fewer unit heaters and 
smaller piping will be required as compared to a low pressure steam system, which re- 
quires more unit heaters and larger supply and return piping. Operating at lower tem- 
peratures, however, gives more uniform and efficient heating, and the operating economies 
thus effected will offset the difference in first costs. The higher the air temperature 
being discharged through the heater, the greater the tendency for the air to collect in 
the upper part of the building. This results in a lack of sufficient heat in the working 
part of the building and a material waste of heat by excessive losses through the roof 
and upper exposures. 

The two most common systems employed are the low pressure two pipe system 
and the low pressure vacuum system. 

Size and Selection of Unit Heaters 

The number and size of the unit heaters is determined by computing the heat losses 
from the building as is done in all heating problems. If it is intended to only re-circulate 
the air and not provide for any air changes, the calculations will be made in the same 
manner as for direct radiation. If all or a portion of the air is to be taken from the 
outside, the heat necessary to bring this air up to the temperature of the inside air 
must be added to the transmission or other losses. The number and sizes of heaters 
will then be determined by the number of air turnovers desired and the temperature re- 
quired. The greater the number of air turnovers the better the results, because the unit 
heaters can operate at lower outlet temperatures with the result that the air does not 
rise to the upper part of the building as rapidly as would be the Case with higher outlet 
temperatures. Operating at lower temperatures with a greater number of air turnovers 
permits more economical operation through a saving in fuel. The number and size of 
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heaters may be obtained from the manufacturers’ rating tables which are based on the 
steam pressure to be used and the temperature at which the air will enter the heater. 

Steam at two lb. pressure and air entering at 60 deg. Fahr. are used as the standard 
basis of rating. 

Where air is taken from the outside at a temperature below freezing, the steam pres- 
sure on the heating surface should be not less than five lb. 

The different kinds of unit heaters now available may be divided into two classes — 
suspended type and the floor type. 

With the suspended unit heater it is possible in many instances, where clearances 
will permit, to use overhead return lines and avoid the expense of pipe trenches and 
underground lines in basements or in single story buildings without basement. 

In some cases the use of overhead return lines, where the run is short and sufficient 
elevation obtains, will permit dispensing with a basement boiler room. In determining 
this feature, the manufacturers’ published recommendations for piping should be closely 
followed. 

Off-setting the above advantages is the fact that the suspended type of heater is 
required to force the heated air down to the working zone, which is contrary to the 
laws of nature. Therefore, the higher the unit is above the floor line, the greater will 
be the volume and velocity required to bring the heated air down to the working zone. 

The floor type unit heaters can be operated more economically because they take 
full advantage of the laws of nature. In this type, the cool air from the floor is drawn 
in through the air intake at the floor line and after passing through the heater is dis- 
charged just above the head line. This keeps the warm air circulating within the work- 
ing zone and lessens the tendency for the heated air to accumulate in the upper portion 
of the building. This is a very important feature in buildings where overhead cranes are 
used, for the working conditions of the crane operators must be considered. 

In the case of existing buildings where the piping is overhead, or where other con- 
ditions require the use of suspended unit heaters, greater fuel economy will result if 
they are equipped with re-circulating ducts through which air can be drawn from the 
floor level. 

Location of Heaters in Shop Buildings 

The heaters should be so located that the heated air will not be discharged any 
higher above the floor line than is absolutely necessary. The ideal location is to place 
the bottom of the warm air discharge about ten feet above the floor line. This provides 
head room where suspended heaters are used, and in both types permits discharge of 
heated air above the heads of the occupants. The unit heaters may be located in prac- 
tically any part of the building, provided the inlet and discharge are free and unob- 
structed. As a general rule, the heaters should be placed in such a position that the 
heated air will be discharged toward the exposed walls of the building. 

Unit Heaters for Engine Houses 

The use of unit heaters in engine houses presents a different problem from that of 
the ordinary type of shop building. In engine houses, better results are obtained by 
reversing the procedure, that is, by placing the cool air intake at the top of the working 
zone and discharging the heated air through ducts into the pits or at the floor line. If 
this is not done and the cold air taken from the floor line, there will be an excessive 
inflow of cold air with the opening of the engine house doors, and this cold air seeking 
the lowest level creates an objectionable condition in the pits and at the floor line. 
This objectionable condition is further increased by the loss of warm air through the 
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smoke jacks and roof ventilators, which work against the heaters and prevent the warm 
air being brought down to the floor line and re-circulated. 

The heaters and ducts should be constructed entirely of corrosion-resisting materials 
in view of the sulphur gases to which they will be subjected. The intake of the heater 
should be located not more than seven to ten feet above the floor in order to avoid the 
circulation of gas laden air which tends to collect in the upper part of the building. 

Satisfactory results are obtained with heaters located beneath the floor in a small 
extension on the rear end of the engine pit. In such installations, a grating is provided 
in the engine house floor through which the cool air is drawn into the chamber, passed 
over the heater coils and discharged into the pit. Heaters located in this manner, how- 
ever, will require underground piping and, in addition, they are subject to damage from 
the possibility of water backing up in the pits or when floors are being flushed down 
and they should therefore be equipped with fully enclosed and waterproof motors. 

The fans should be manually controlled, so they may be shut off if desired by the 
men working in the pits. Heaters placed above the floor with ducts leading into the 
pits may be equipped with a damper in the duct, so warm air may be diverted from the 
pit when desired and discharged above the floor line. 

Unit heaters are particularly well adapted to engine houses where direct steaming 
is used. Under these conditions it is not always necessary to provide a heating plant 
of sufficient capacity to heat the entire house. A certain amount of radiant heat is given 
off by the locomotives under steam, and the elimination of smoke jacks greatly reduces 
the heat losses. Under some conditions, this is sufficient to justify omitting the heating 
plant entirely. This, of course, depends on climatic conditions and the number of loco- 
motives which will be in the house at one time and under steam. Where the heat from 
locomotives will not provide for satisfactory working conditions, the deficiency can very 
readily be made up by utilizing unit heaters. They can be individually operated as the 
occasion demands, thereby providing a very flexible and economical method of heating. 

Automatic Control 

There are two general methods of control that may be used. One is to control the 
fan or fans individually or in groups by the use of room thermostats. The other is to 
also control the steam supply to the individual or group of units by a thermostatically 
controlled steam valve. This method of control is sometimes provided to protect work- 
ers near the heater from discomfort caused by the radiant heat expelled by the heater 
coils. 

Quietness of Operation 

Consideration should be given to the degree of quietness required for the individual 
operation. Fan speed cannot be considered as a measure of quietness for fans of dif- 
ferent design and sizes. Quietness is a function of kind, diameter, shape of blades and 
other variables beside speed, and all these must be given consideration. 
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To the American Railway Engineering Association: 

Your Committee respectfully submits the following as its report. 

Outline of Proposed A.R.A. Box Car (Fig. 6). 

Clearance diagram for Pantagraph (Fig. 7). 

The clearance diagram for pantagraph, as shown by Fig. 7, is for car on tangent 
track and includes an amount due to sway of car. On curved track the clearances shall 
be increased, due to superelevation of rail. 


Action Recommended 

That these diagrams, Fig, 6 and 7, be received as information. 

Respectfully submitted. 

The Special Committee on Clearances, 

A. R. Wilson, Chairman. 


Bulletin 350, October, 1932. 
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To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the following 
subjects: 

(1) Revision of Manual (Appendix A). 

(2) Report developments of automatic train control, collaborating with Train 
Control Committee, A.RA. (Appendix B). 

(3) Developments of automatic highway crossing protection, collaborating with 
Committee IX — Grade Crossings. A designated member of your Committee has col- 
laborated as requested. 

(4) Increased efficiency secured in railway operation by signal indication in lieu 
of train orders and timetable superiorities, collaborating with Committee XXI — ^Eco- 
nomics of Railway Operation (Appendix C)-. 

(5) Synopsis of the principal current activities of the Signal Section, A.RA., sup- 
plemented with list and references by number of adopted specifications, design and 
principles of railway operation (Appendix D). 

(6) Furnish the Special Committee on Clearances the information required by it 
pertaining to signals and interlocking. A designated member of your Committee has 
collaborated as requested. 

(7) Possibility of providing suitable protection at less cost than the present-day 
practice for both construction and maintenance of signals and interlocking (Appendix E) . 

(8) Report on use of flashing lights in railway signals (Appendix F). 


Action Recommended 

1. That Appendix A be approved. 

2. That Appendix B be received as information. 

4. That Appendix C be received as information. 

5. That Appendix D be received as information. 

7. That Appendix E be received as ufformation. 

8. That Appendix F be received as information. 

Respectfully submitted, 

The Committee on Signals and Interlocking, 

P. M. Gault, Chairman. 

BaUetin 3SD, October, 1932. 
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Appendix A 

(1) REVISION OF MANUAL 

W. M. Vandersluis, Chairman, Sub-Committee; J. V. Hanna, W. M. Post, C. H. Tillett. 

Reference is made to the 1932 report of the Sub-Committee as found in Vol. 33, 
No. 343, of January, 1932, on page SIO. No action was taken by the Board of Direc- 
tion on the recommendations made. 

Your Committee recommends the voiding of all Signal Section matters now in the 
AJI.EA. Manual and Supplements, and the printing in the next supplement to the 
Manual of a complete index to the Signal Section Manual as furnished by the Secretary 
of the Signal Section. 

Your Committee further recommends that notice of changes only be made each 
year in future supplements to the A.R.E.A. Manual and that the complete current index 
be printed only when the A.R.E.A. Manual as a whole is revised. 

Appendix B 

(2) DEVELOPMENTS OF AUTOMATIC TRAIN CONTROL 

W. H. Elliott, Chairman, Sub-Committee; F. W, Pfleging, W. J. Eck. 

Sub-Committee No. 2, which has the assignment “Report Developments of auto- 
matic train control, collaborating with Train Control Committee, A.RA.”, has reported 
on the progress made each year. 

The total mileage of automatic train control has been reduced by 471 track miles, 
the number of equipped engines reduced by 123, and the number of equipped motor 
cars by 5. 

Nothing new has been developed in the matter of interchangeability and the Com- 
mittee will continue its studies. 

The petition of the Great Northern for relief from maintaining and operating its 
train control installation was approved by the Interstate Commerce Commission to the 
extent of suspending the order until further orders of the Commission. This was done 
on a finding that “in view of the low traffic density, the favorable physical characteristics 
of the road and terrain, the relative moderate rates of speed, the record of safety, and 
the freedom from accidents of the character which this device is designed to prevent. 
At the present time operating conditions on these divisions do not require the main- 
tenance and operation of automatic train stop devices.” 

The petition of the Northern Pacific was approved by the Interstate Commerce 
Commission after hearing at which officers of the Company testified that on account of 
the reduced train service, favorable operating and weather conditions between Mandan, 
N. D., and Glendive, Montana, where the device was in service, the railroad was not 
justified at the present time in keeping the device in service. That the money expended 
for maintenance of automatic train control equipment could be used more effectively 
in other ways to promote safety. 

The approval of the Commission to the removal of the train control installation is 
as follows: 

“Upon this record, in view of the low traffic density, the favorable physical char- 
acteristics of the road and terrain, the relatively moderate rates of speed, the record of 
safety, and the freedom from accidents of the character which this device is designed 
to prevent, we find that at the present time operating conditions in the territory be- 
tween Mandan and Glendive do not require the continued maintenance and operation 
of automatic train stop devices, and therefore our orders of June 13, 1922, and Janu- 
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ary 14, 1924, as amended, insofar as those orders apply* to petitioner, are su^nded 
until our further order ” 

The petition of June 20, 1932, of the Union Pacific for it to be permitted to operate 
its locomotives equipped with automatic cab signals in lieu of automatic train control 
stop or train control devices was approved by the Interstate Commerce Commission 
after hearing at which officers of the Company testified “that no element of safety 
would be sacrificed by substituting a cab signal system for the existing automatic train 
control installation, and that a material reduction in expenditures required for main- 
tenance and operation could be effected thereby ” 

It was testified by Union Pacific officials that “Since January, 1926, there have 
been four train collisions on the Union Pacific Railroad, one of them in automatic 
train control territory and three in automatic block signal territory. After a study of 
the circumstances in each of these cases, it is the opinion of the Signal Engineer for the 
Union Pacific that the proposed cab signal system would have furnished as much pro- 
tection as automatic train control, except that in one instance, the engineman being 
killed as a result of the accident, sufficient information was not available to form a 
definite opinion and it is a matter of conjecture whether either automatic train control 
or a cab signal system would have prevented this accident ” 

The approval of the Commission to the request of the Union Pacific to eliminate 
the train control feature of the installation and retain only the cab signal feature is as 
follows: 

“Upon this record we find that our order of June 13, 1922, and January 14, 1924, 
as amended, insofar as those orders affect the petitioner, should be modified to permit 
petitioner to use on its line between North Platte, Nebr., and Cheyenne, Wyo^ an auto- 
matic cab signal system in lieu of automatic train stop or train control devices as now 
required by said orders. The specifications and requirements for automatic train stop 
or train control devices which were prescribed by our order of June 13, 1922, are not 
applicable in their entirety to automatic cab signal devices and specifications and re- 
quirements for a continuously controlled automatic cab signal system for installation 
and operation by the Union Pacific Railroad Company in lieu of automatic train con- 
trol devices will be prescribed.” 

The approval given by the Commission for the changes requested by the Great 
Northern, Northern Pacific and Union Pacific is provisional only. Should conditions 
arise making it advisable to restore the train control device to service orders to this 
effect will be issued by the Commisaon. 

The following roads have filed petitions for relief from maintaining automatic 
train control: 

Chicago, Burlington & Quincy 
Texas & New Orleans 
Missouri Pacific 

Chicago, Rock Island & Pacific (2nd order only) 

Delaware & Hudson 

The Bureau of Safety is continuing to make periodical visits to each installation 
for the purpose of observing maintenance methods, and to effect an interchange of ideas 
with respect to various matters associated with automatic train control. Effective 
July 1, 1932, the carriers were permitted to discontinue reporting certain items of in- 
formation required on ,the monthly report of train control performance, thus relieving 
them of considerable work in this connection. 

Although cab signals were in use on the Pennsylvania Railroad on the Lewiston 
Branch in 1923 and continuously in use from July, 1926, to date, definitions and speci- 
fications covering their use were first made a part of a proceeding with respect to an 
installation of automatic train control under order 13413 during the pa^ year. At the 
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hearing on the petition of the Union Pacific Railroad to be permitted to remove the 
automatic brake applying apparatus, and operate by means of cab signals and wayside 
signals, these definitions and specifications, which have been approved by the Com- 
mittee on Automatic Train Control, were introduced into the testimony. 

The definitions and specifications now issued by the Interstate Commerce Commis- 
sion as an order are the same, with exception of the numbering of certain paragraphs 
and the elimination of a provision permitting operation without fixed signals, as those 
presented to the Signal Section in May, 1931, as tentative specifications and require- 
ments which were prepared by Interstate Commerce Commission Engineers, Train Con- 
trol Committee of A,R,A., and a number of Signal Engineers. No, 6 in the Commis- 
sion’s order reads; “The automatic cab signal system shall be so interconnected with 
the fixed signal system that the cab signal will display indications consistent with the 
indications of the fixed signals, except when a fixed signal displays a less restrictive 
indication that is required or warranted by existing conditions.” 

The Committee on Automatic Train Control and the Bureau of Safety are cooper- 
ating in special tests and investigations, and have completed a series of tests to deter- 
mine the efficiency of strap iron inductors used instead of the regular laminated type, 
where a winding is not necessary. It was determined that while the efficiency of the 
former is less than the latter, the strap iron type is satisfactory for round house and 
terminal departure tests, and with one type of locomotive equipment may be safely 
used for main track operation. 


Appendix C 

(4) INCREASED EFFICIENCY SECURED IN RAILWAY OPERA- 
TION BY SIGNAL INDICATIONS IN LIEU OF TRAIN ORDERS 
AND TIMETABLE SUPERIORITIES 

W. M. Post Chairman, Sub-Committee } G. H. Dryden, W. J, Eck, P. M. Gault, C. A. 
Mitchell, W. M, Vandersluis. 

Committee X at the 1932 annual meeting presented a report on the progress made 
in the installation of centralized traffic control (CTC)*, listing the installations and the 
econojnic results. 

At the meeting a supplementary report with lantern slide illustrations was pre- 
sented relating to CTC on the Missouri Pacific and Pennsylvania Railroads. 

This report relates to the economic results of the Missouri Pacific installation. 

CTC on the Missouri Pacific 

The Missouri Pacific on December 30, 1929, placed in service a centralized traffic 
control system on the Omaha Division on 43 miles of single track between Kansas City 
(Edgewater Junction) and Atchison, Kansas. In this territory train movements are 
now directed by signal indications, superseding timetable superiorities and taking the 
place of written train orders. 

Over this single track line are moved the trains of three different roads; the Mis- 
souri Pacific, the Chicago Great Western and the Union Pacific, In the busy season 
as many as sixty trains per day have been operated. 

Centralized traffic control was installed for the purpose of reducing the delays inci- 
dent to the high traffic density of the line and reducing freight train costs. 

The remaining portion of the Omaha Division, 357 miles, is a single track line over 
which trains are operated by timetable schedule, train order and manual block, 

Traffic Density 

|The CTC section, (43 miles of single track), with its high traffic density, was the 
“bottle-neck” of the Omaha Division. 
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Traffic Density. Net Ton Miles (Revenue and Non-Revenue) per Mile of Road per 

annum for. the Year 1930 

(Thousands) 

Omaha Division, not including the CTC Section 1,436 

CTC Section, between Leavenworth and Atchison, 20 miles 4,4S6 

CTC Section, between Kansas City and Leavenworth, 23 miles (includes 


the C.G.W. trains) 6,371 

Other Traffic Densities, 1930 

United States, Class I railways 1,424 

Missouri Pacific Railroad 1,612 

Norfolk & Western Railway 6,688 

Chesapeake & Ohio Railway 7,051 

Pittsburgh & Lake Erie Railroad 9,347 


The above shows that the traffic density of the CTC Section between Kansas City 
and Leavenworth is in the Norfolk & Western and Chesapeake & Ohio class, and this 
density for a single track line compares favorably with that of the Pittsburgh & Lake 
Erie, a multiple track line. 

Economic Results 

The economic results of the installation of centralized traffic control are shown in 
Table I. This table shows that on the Omaha Division not including the CTC section 
the saving 1930 over 1929 was $73,232, or S3 per cent of the total saving. 

On the CTC section the saving was $6S,S49, or 47 per cent of the total saving. 

This 47 per cent of the total saving was made on only 11 per cent of the total 
miles of road. 

On the centralized traffic control section owZy, the saving in freight train costs plus 
the saving in block and interlocking stations discontinued made a total annual saving of 
$93,149. After deducting the annual expenses and interest charges, the net saving on 
the CTC section amounted to $63,349, or a net saving per mile of road of $1,473 (see 
Table 1). 

The savings per mile of road as shown in the table make an interesting compari- 
son. The saving per mile of road on the Omaha Division not including the CTC sec- 
tion was $205 as against a gross saving per mile of road on the CTC section of $1,524, 
or a net saving of $1,473 (see Table 1). 


Tabi^e 1 — ^Economic Statement, Missotnii Pacutc Railroad, Omaha Division 

(A) Omaha Division, Saving in Freight Train Costs, (Accounts 392-402)- 
1930 over 1929 


Omaha Division not including 

Total Saving 
Amount Per Cent 

CTC 

MUes of Road 
Miles Per Cent 

Saving 
Per Mile 

section 

$ 73,232 

53% 

356.9 

89% 

? 205 

CTTC section only 

65,549 

47% 

43 

11% 

1,524 

Omaha Division including CTC 

section $138,781 

100% 

399.9 

100% 

$ 347 


(B) Centralized Traffic Control Section only, 43 Miles, Saving in Freight Train Costs 
and Saving in Block and Interlocking Stations Discontinued, 1930 over 1929 

Total Saving Saving per Mile 


Saving in freight train costs $65,549 $1,524 

Saving in block and interlocking stations discontinued., 27,600 642 

Total saving on CTC section $93,149 $2,166 

Less annual • expenses and interest charges 29,800 693 

Net saving 1930 over 1929. $63,349 $1,473 
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Comparison of the Omaha Division with the CTC Section 

This comparison of the freight train performance and costs of the Omaha Division 
with the CTC section is shown in Table 11. 

The basic data, averages and saving are shown under two heads: 

Omaha Division, including CTC section. 

Centralized traffic control section only. 

Under basic data are the figures for— 

Gross ton miles 
Train miles 
Train hours 
Freight train costs 
Miles of road 

Under averages — 

Gross tons per train 

Train miles per train hour (speed) 

Gross ton miles per train hour 

Cost per train hour 

Cost per 1000 gross ton miles 

Under Saving- 

Saving per 1000 gross ton miles 
Saving 1930 over 1929. 

The significant figures are the averages. The averages for the CTC section show 
a greater percentage of improvement than the averages for the Omaha Division. For 
example, on the Omaha Division the cost per 1000 gross ton miles is decreased 12 per 
cent, whereas on the CTC section it is decreased 39 per cent. This is accounted for by 
the increase in the gross ton miles per train hour on the division of only 8 per cent as 
against an increase on the CTC section of 57 per cent. 

The improvement in the freight train performance of the Omaha Division, 1930 
over 1929, effected a total saving of $138,781, reducing freight train costs by 12 per 
cent. Of this saving, 47 per cent is due to the improvement in train operation through 
the CTC section, and as there was no increase in the locomotive tractive effort full 
credit should be given to the CTC installation for the increased efficiency in operation 
secured through the use of signal indications in lieu of train orders and timetable supe- 
riorities. Some 50,000 train orders per year were eliminated. 

Cost of the CTC Installation 


The cost of the installation including track changes was $430,000 

The net saving per annum was 63,349 


In addition to this net saving, the construction of double tracking was postponed. 

Summary (CTC section) 

Gross tons per train increased 6 per cent. 

Train miles per train hour (speed) increased 47 per cent. 

Gross ton miles per train hour increased 57 per cent. 

Cost per 1000 gross ton miles decreased 39 per cent. 

Locomotive tractive effort 72,300 lbs., no change. 

Net return on total investment 14.7 per cent. 

^ This installation of CTC on the Missouri Pacific, judged by the improvement in 
freight train performance and the decreased freight train costs, may be regarded as a 
notable example of a self-liquidating project. 
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Appendix D 

(5) SYNOPSIS OF THE PRINCIPAL CURRENT ACTIVITIES OF 
THE SIGNAL SECTION, A.R.A., SUPPLEMENTED WITH LIST 
AND REFERENCES BY NUMBER OF ADOPTED SPECIFICA- 
TIONS, DESIGNS AND PRINCIPLES OF SIGNALING PRACTICE 

E. G. Stradling, Chairman, Sub-Committee; H. H. Orr, Leroy Wyant. 

CURRENT ACTIVITIES OF THE SIGNAL SECTION A. R. A. 

SINCE MARCH, 1932 

(As of November, 1932) 

The Signal Section has investigated and made reports covering the following: 

1. Reflecting devices as a substitute for oil and electric lights but no conclusions reached. 

2. Information as to practices and requirements of various states in connection with 

highway grade crossing protection. 

3. Revised instructions for installation, maintenance and operation of lead acid type 

storage batteries. 

4. Revised instructions for installation, maintenance and operation of nickel, iron and 

alkaline storage batteries. 

5. Revised instructions for maintaining and testing interlocking plants. 

Investigations and recommendations have been made on the following facilities 
to effect economies in railway maintenance and operation: 

a. Grade or tonnage signals. 

b. Electric lighting of signal and switch lamps. 

c. Replacing manual highway grade crossing protection by automatic, automanual or 

centralized control. 

d. Automatic block signals where manual block, train staff or time interval spacing of 

trains is used. 

e. Manually operated interlockings. 

f. Consolidation of interlocking plants. 

g. Automatic interlocking. 

h. The use of remote control for outlying sisals and/or switches. 

i. The operation of trains by signal indications. 

J. Centralized traffic control. 

k. Car retarders. 


SPECIFICATIONS REVISED 

Old No. New No. 


Installation of Electric Interlocking 6528 6532 

Power Interlocking Machine 7630 7632 

Air Cooled Reactor for Line and Track Circuits 10420 10432 

Impedance »Bond 7417 7432 

Alternating Current Generator 7319 7332 

Direct Current Generator 1^1 1 1432 

Galvanized E.B.B. Steel Bonding Wires 2211 2232 

40% Conductivity Copper-Covered Steel Bonding Wires 7018 7032 

Rubber Insulating Tape. Section 2-c 6616 5632 

Aerial Braided Cable. Section 7-c-l - 8930 8932 

Armored Submarine Cable. Section 9-c-l 9031 9032 

Lead Covered Cable. Section 8-c-l 9131 9132 

Mineral Matter Rubber Compound Insulated Signal Wire. 

Section 4-c-l 11129 11132 

Parkway Cable. Section 11-c-l 14529 14532 


NEW SPECIFICATIONS 

New No. 

Electro-Pneumatic Switch Operating Mechanism 

Tractive Armature Direct Current Neutral Relay for Series Line Approach 
Lighting 
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REVISED REQUISITES 

Impregnating Compound Treatment of Electrical Windings. 

Varnish treatment of Electrical Windings. 

Requisites for Direct Current Automatic Block Signaling Circuits. 

SPECIFICATIONS TO BE REMOVED FROM MANUAL 
Switch Board Material #6217. 

Underground Braided Cable for 660 volts or less #9420. 

REQUISITES TO BE REMOVED FROM MANUAL 

Choke Coils for Signaling. 

Light Signals for Day and Night Indications. 

Sheet for Switchboard Material. 

Appendix E 

(7) POSSIBILITY OF PROVIDING SUITABLE PROTECTION AT 
LESS COST THAN THE PRESENT DAY PRACTICE FOR BOTH 
CONSTRUCTION AND MAINTENANCE OF SIGNALS AND IN- 
TERLOCKING 

F. B. Wiegand, Chairman, Sub-Committee; H. G. Morgan, J. C. Mock, J. A. Peabody, 
T. S. Stevens, F. H. Bagley, G. H. Dryden, C. R. Hodgdon. 

HISTORICAL 

The difference in the cost of modern signaling, or present-day practice, as referred 
to in the assignment, as compared with the signaling installed some thirty years or 
more ago, is due to its modernization account of keeping abreast of the times and is in 
line with the progress made generally in both rolling stock and maintenance of way 
equipment. Originally signals were wire-connected and their proper operation question- 
able. On account of this questionable operation the signals within interlocking limits 
were pipe-connected and the distant signals were changed to power-operated signals, 
and later, for the purpose of obtaining greater visibility, the signals were lighted elec- 
trically instead of with oil lamp ; they, for the purpose of obtaining still greater visibility, 
and the development in the art permitting, are now being changed to color light, posi- 
tion light or color position light. Higher wages and higher prices of materials are fac- 
tors which should also be considered. 

For safety reasons at interlockings, detector bars and crossing bars were installed 
to prevent the operation of switches under trains or the changing of the route while 
train was occupying the crossing. To provide additional protection electric locking in 
lieu of detector bars came into vogue; this became a necessity with the advent of heavier 
rail, which, on account of the increase in width of head, eliminated all of the protection 
previously afforded. To provide still greater protection the electric locking was added, 
and it became known as route locking. Route locking not only prevents the operation 
of switches under trains, but also prevents their operation in advance of trains, after 
the route has been set up and the signal, which was cleared, returned to its normal 
position, until the expiration of a predetermined period of time. This was followed by 
release electric locking which is a modification of the straight route locking in that it 
permits the changing of the route as the rear of train, passing through the interlocking, 
clears the turnout or crossover switches and fouling point. Release electric locking is 
usually installed at interlocking plants where time is a factor. 

State Requirements 

In addition to the foregoing there are the requirements of the State Commissions 
which have to be met. Some states require derail protection; others require smash- 
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board signals at crossings. These requirements add to both construction and mainte- 
nance cost and are not the recommended practice of the Signal Section, AJR.A. 

Recommended Practice 

The Signal Section is on record as not recommending smashboards. Its recom- 
mendation regarding derails reads: 

^‘Derails should not be used in main tracks. On heavy grades, where the 

need of some device to check run-away trains or cars is indicated, properly 

designed deflecting tracks may be used.” 

Construction Cost 

Having a track layout approved by all interested departments before drawing de- 
tailed signal plans, ordering material or starting construction, is a very important item 
in keeping the cost of signal construction to a minimum. Minimum requirements should 
be determined; all unnecessary switches within the interlocking limits should be elim- 
inated, which elimination at times can be accomplished by some slight rearrangement 
of crossovers or perhaps changing their location. Locating the signals and interlocking 
units close to the tower should also be considered. By all means avoid making changes 
after the signal engineering has been completed as even the reversal of a crossover may 
upset all calculations; it surely involves redrawing all signal plans. 

The labor cost of construction is now being kept as low as possible by the use of 
power tools where practicable and by the employment of unskilled labor for the per- 
formance of such parts of the installation as does not require the higher class of labor. 
In addition, newly developed materials, such as parkway and trench-lay cable, for use 
in lieu of single conductor wires in trunking mounted on stakes, is being considered. 
The material cost is kept down by the use of translating devices and other material 
less expensive than those used for circuits involving safety where safety is not affected. 

Consideration has been given and in some cases a universal switch layout, which 
permits the switch being interlocked or hand-operated without change in tie spacing, 
tie plates, tie bars, rail braces and other switch fittings, has been adopted. This item 
materially reduces not only the construction cost of signaling, but also the maintenance 
cost of both. 

Considerable work has been done along the line of standardization and the Signal 
Section is still active in this respect. 

Maintenance Cost 

To keep the cost of maintenance low, the essential thing is that we build soundly 
and solidly. This involves the use of first-class material and that the work be installed 
in first-class manner; it also involves supervision, that will enable the supervisory force 
to get in touch with the maintenance force, at least once each month, to issue verbal 
advice and instructions. 

The reclamation of materials is an important item; not all materials should be 
reclaimed but only such as can be rehabilitated at less cost than it can be purchased 
for new. In addition, the cost of repairs to material in the field and the cost of such 
repairs in the shop must be compared, and, when cheaper to repair in the shop, it 
should be done in the field only in emergency. The use of materials which involve the 
least maintenance is also important. 

Another important item is the question of reports. The making out of reports 
takes considerable of the maintainers’ time and, if these can be reduced to a minimum, 
it ^11 undoubtedly result in decreased maintenance force and corresponding reduction 
in ^ maintenance cost. Instead of distributing his time and material used to the various 
facilities, the maintainer should only be required to report his time. Material required 
should be charged out to the section when furnished by the Stores Department. The 
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accountant in the office should charge both time and material to the proper accounts 
in percentages previously established. These percentages are established on a unit basis 
of A.R.A. values, each facility on a section being charged with the percentage which 
the number of units of the facility bears to the entire number on the section. 

Summary 

The recommendations of your Committee are as follows: 

To Lower Cost of Construction 

Determine minimum requirements and have all interested departments approve the 
plan of the track layout. 

Adopt universal switch layout. 

Standardize signaling material. 

Use power tools where practicable. 

Use unskilled labor for unskilled work. 

Use modern material. 

Use apparatus of lower standard of excellence where safety is not involved. 

Omit derails. 

To Lower Cost of Maintenance* 

Build soundly and solidly. 

Employ ample supervision. 

Reclaim materials that may be reclaimed at less cost than new. 

Omit reports where practicable. 

Omit derails. 

Appendix F 

(8) REPORT ON USE OF FLASHING LIGHTS IN RAILWAY 

SIGNALS 

F. S. Schwinn, Chairman, Sub-Committee; C. H. Tillett, R. D. Moore, J. A. Peabody, 

A. H. Rudd, E. G. Stradling. 

Your Committee has canvassed a selected list of thirty railways from which twenty- 
seven replies were received. Only three railways advise that they are now using flash- 
ing lights to govern or control the movement or operation of trains. Railways report- 
ing the use of such flashing lights advise as follows: 

Missouri Pacitic Railroad: Flashing lights are used in train order signals where 
the light is near enough in line with some other signal light to result in possible con- 
fusion of signals at night or during bad weather conditions. Such lights are covered 
by bulletins when installed. 

Pennsylvania Railroad: At certain interlocking stations where the train at or 
near the home signal is not in sight of the cabin, or at multiple track interlockings, 
yellow flashing lights are used in delivering “19” orders that do not restrict the superior- 
ity of the train addressed at that point. Such lights are covered by a special rule. 

Southern Pacific Company: Two flashing light installations are in use, not as 
running signals but for special purposes. In one case the flashing light is used at the 
entrance to a yard for the purpose of instructing incoming freight trains whether they 
are to proceed into the yard or stop and wait. In the other case, the flashing light is 
mounted on the mast of an interlocking signal and is used in lieu of a hand signal 
by the towerman where such hand signal cannot be seen by the engineman. In both 
cases, the flashing signals are used to avoid confusion with automatic signal indications 
and are covered by special instructions. 

Michigan Central Railroad: The flashing red light is used to indicate “Freight 
Trains Take Siding”. Such signals display one indication only and do not supersede 
the superiority of trains nor dispense with the use or observance of other signals. The 
take siding signals may be located on masts below the arms or lights of block signals 
and the indication “Freight Trains Take Siding” is given by the display of a flashmg 
or winking red light. Special rules governing are in use. 

Conclusion 

The Committee feels that the restricted use of flashing signals under special rules 
or instructions is permissible at selected points. 
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Committee. 


To the American Railway Engineering Association: 

Your Committee presents herewith its report covering the following subjects: 

(1) Definitions. Nothing to report. 

(2) When to waterproof or dampproof and methods to be used. The Committee 
reports progress. 

This subject includes a study of the different structures and conditions to which 
recognised methods of waterproofing and dampproofing are adapted and has received 
attention but Study has not reached point where a report can be made. 

(3) Waterproofing and dampproofing as applied to existing railway structures. No 

report. 

(4) Specifications for membrane waterproofing of concrete work, excepting roofs of 
buildings (Appendix A) . 

Preparation of these specifications has been underway for several years and they are 
now submitted as a progress report with the request that the Committee be given the 
benefit of cominents and criticisms by the members of the Association. Specifications 
which were adopted by the Association in 1927 for waterproofing of solid floor railway 
bridges have been extended to apply to all concrete railway structures (except roofs of 
buildings) and an effort has been made to revise them to conform to present day practices. 


Action Recommended 


(4) That the specifications submitted be received as information. 

Respectfully submitted, 

Special Committee on Waterproofing of Railway StrucIures, 

J. A. Lahmer, Chairman. 


App^ndii A 

SPECIFICATIONS FOR MEMBRANE WATERPROOFING 

Scope 

1. These specifieations are for USe on bridge decks, backs of abutments and retain- 
ing walls, tops and backs of culverts, Subways, tunnels, CdndUfts, foundations for build- 
ings, walls and floors of basements and pits, tanks, reservoirs, dams and any other 
structure or part of a structure (except roof of a building). 

Design 

2. Structures to be waterproofed shall be so designed that they can be wato- 
proofed by the methods and with the materials specified herein. When the structure to 
be waterproofed is flexible and supported at intervals on comparatively rigid supports, 
such as cross girders in a viaduct, special care shall be taken to provide flexibility in the 
waterproofing membrane over such supports. Care shall also be taken effectively to seal 
or flash all places where the waterproofing membrane terminates, as along the webs of 
girders. 

Bulletin 350, October, 1932. 
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Types 

3. (A) Two layers of bitumen-treated cotton fabric and three moppings of bitumen. 

(B) Three layers of bitumen-treated cotton fabric and four moppings of bitumen. 

(C) Two layers of bitumen-treated felt, one middle layer of bitumen-treated 
cotton fabric, and four moppings of bitumen. 

(D) Four layers of bitumen-treated felt, one inside layer of bitumen-treated 
cotton fabric, and six moppings of bitumen. 

4. When greater strength is required additional layers of bitumen-treated cotton 
fabric shall be applied. 


Materials 

5. Bitumen shall consist of asphalt or coal-tar pitch. The mopped on material 
shall be of the same character as that with which the felt or fabric is treated. 

6. Asphalt tor Saturant and Mopping Above Ground shall be homogeneous and 
free from water. It shall be the product obtained by the distillation of crude asphaltic 
base petroleum with steam agitation supplemented, if necessary, with oxidation by air, 
without the addition of any fluxing material other than a native asphalt or straight 
steam refined asphaltic residual, during any stage of the process of manufacture. It 
shall meet the following requirements: 

(a) Softening point (ring and ball method) 150° to 170° F. (65.5° to 76.7° C.) 

(b) Penetration: at 115° F. (46.1° C.), 50 g., 5 sec not more than 100 


at 77° F. (25° C.), 100 g., 5 sec 25 to 40 

at 32° F. ( 0° C.), 200 g., 60 sec not less than 10 


(c) Flash point (open cup) not less than 400° F. (204.4° C.) 

(d) Loss on heating at 325° F, (163° C.), 50 g., 5 hr not more than 0.5 per cent 

(e) Penetration at 77° F. (25° C.), 100 g., 5 sec. of residue after heating at 325° F. 

(163° C.), as compared with penetration of asphalt before heating 

not less than 80 per cent 

(f) Ductility: at 77° F. (25° C.) elongated at rate of 5 cm. per min. .not less than 20 cm. 

(g) _ at40°F. ( 4°C.) “ 1 » “ “ “ “ 4 cm. 

(h) Solubility in carbon disulphide not less than 99 per cent 


7. Asphalt eor Mopping Below Ground shall be either 

A native refined asphalt fluxed with a petroleum flux having a penetration at 77° F. 
(under a weight of 50 grams for one second) of not less than 350; or, 

A petroleum asphalt obtained as a residue by the straight steam refining, without 
oxidation, of an asphaltic petroleum. 

It shall be free of blown or oxidized residuals, cracked residuals, sludge asphalt, or 
any admixture or derivative thereof, and shall have the following properties: 


Fluxed Native Asphalt 


(a) Specific gravity at 60° F 1.04 to 1.07 

(b) Penetration at 77° F'., 100 grams, 5 sec 85 to 100 

(c) Softening point (ring and ball method)... 110°' to 125° F. 

(d) Ductility of pure bitumen at 77° F. (25° C.) 

elongated at rate of 5 cm. per min Min. 100 c.m. 

(e) Flash point 350° F. to 450° F. 

(f) Loss on heating Max. 2.0% 

(g) Penetration at 77° F., 100 g., 5 sec., of 
residue after heating at 325° F. as com- 
pared with penetration of asphalt before 

heating Min. 60% 

(h) Pure bitumen soluble in carbon disulfide.. Min. 95% 

(i) Inorganic matter, insoluble Min. 1J4% 

(j) Parade scale (Holde method) Max. ^% 


Petroleum Asphalt 
1.03 to 1.06 
85 to 100 
110° to 125° F. 

Min. 100 c.m. 
Min. 450° F. 
Max. 1.0% 


Min. 60% 
Min. 99j^% 
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8. Coal-tar Pitch lor Sattjrant and Mopping shall be homogeneous and free from 
water and shall meet the following requirements; 


For Use 
Above Ground 


(a) Specific Gravity at 77777° F. (2S°/25° C.) 1.25 to 1.35 

(b) Softening point (cube in water method) 130° to 155°F. 

(c) Distillation Test: 

Total distillate by weight 32° to 572° F. 

(0 to 300° C.) Max. lO^^, 

Residue by weight Min. 90% 

(d) Specific gravity, at 100°/77° F. (38°/25° C.) of 

total distillate to 572° F. (300° C.) Min. 1.03 

(e) Ductility at 77° F. (25° C.) Min. 20 cm. 

(f) Solubility in carbon disulphide 63% to 78% 


For Use 
Below Ground 
1.21 to 1.30 
110° to 140°F. 


Max. 15% 
Min. 85% 

Min. 1.03 
Min. SO cm. 
75% to 90% 


9. Asph.\ltic Primer shall be composed of asphalt (which will conform to either 
of foregoing requirements for asphalt for mopping) and a solvent, and shall meet the 
following requirements: 


(a) Water None 

. (b) Asphaltic Base: 

Per cent of primer by weight, when asphalt meeting 

requirements of section 6 is used 25 to 35 

Per cent of primer by weight, when asphalt meeting 
requirements of section 7 is used 30 to 45 

(c) Solvent (Hydrocarbon distillate): 

End point on distillation Max. 500° F. (260° C.) 

% which shall distill under 248° F. (120° C.) Max. 20 

(d) Sediment Max. 1% 

10. Creosote Oil Primer for use with coal-tar pitch shall conform to the following 
requirements: 

(a) Water Max. 2.0% ^ 

(b) Consistency at 100° F. (38° C.) Entirely fluid 

(c) Specific gravity at 100°/77° F. (38°/25° C.) 1.00 to 1.06 

(d) Insoluble in benzol Max. 1.0% 

(e) Distillation Test: 

Total distillate, by weight, under 392° F. (200° C.) . .Max. 5.0% 

Total distillate, by weight, under 455° F. (235° C.) . .Max. 50.0% Min. 30.0% 

(f) Residue, by weight, above 671° F. (355° C.) Max. 15.0% 

(g) Specific gravity at 100°/77° F. (38°/25° C.) of the 
fraction distilling between 455° and 599° F. (235° C. 

and 315° C.) Min.1.00 

(h) Consistency at 77° F. (25° C.) of the residue Soft 


11. Fabric shall be high grade cotton doth thoroughly and uniformly saturated 
with asphalt or coal-tar pitch for use above ground which conforms to the foregoing 
specifications. 

12. In the process of manufacture, the dry cotton fabric diall be treated thoroughly 
and uniformly at a temperature and speed that will not injure the fabric. This diall be 
accomplished by passing the fabric through the saturant and then calendering it in the 
presence of heat, after which it diall be cooled and wound into rolls. 

13. The Untreated Fabric shall contain no oil and diall meet the following 
requirements: 
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(a) Thread count in either direction: Minimum 18; maximum 32. 

(b) Average weight per square yard: For cloth having IS to 26 thread count, not less 
than 5 ounces including not to exceed 6 per cent moisture regain; for cloth having 
28 to 32 thread count, not less than 4 ounces including not to exceed 6 per cent 
moisture regain. 

(c) Ash: Not more than one per cent of dry weight of fabric. 

14. The Treated Fabric shall meet the following requirements: 

(a) Width of roll: Minimum 30 in.; maximum 38 in. 

(b) Gross weight of roll: Minimum 3S lb.; maximum 80 lb. 

(c) Average weight per square yard: Not less than 11 ounces. 

(d) Moisture content: Not more than one per cent of net weight. 

(e) Tensile strength at 70° F. in either direction (grab method) : Not less than SO lb. 
per linear inch. 

(f) Elongation without fracture: Not less than 10%. 

(g) Pliability at 32° F.: Not less than 10. 

(h) Average loss on heating asphalt treated fabric (exclusive of moisture) : Not more 
than 4 per cent, 

(i) Weight of saturant in square yard of treated fabric: Not less than one and three- 
fourths times the weight of a square yard of untreated moisture-free fabric. 

15. There shall be sufficient space between the threads of the untreated cotton fabric 
to allow the saturant to pass through. The surface of the Saturated fabric shall be 
smooth and free from folds, knots, and excess saturant. 

16. Feet shall be rag-felt saturated, but not coated, with either asphalt for use 
above ground or refined coal-tar, or asbestos felt saturated, but not coated, with asphalt, 
for use above ground. Rag-felt shall be produced by “felting” vegetable and animal 
fibers. 

17. The saturation shall be accomplished by passing the dry felt in single thickness 
through the saturant at a temperature and speed that will not injure the felt, and then 
calendering between heated cylinders. It shall then be cooled and wound into rolls. 

18 . Rao-Felt shall meet the following requirements: 


Desaturated 


(a) Average weight of moisture-free felt 

(b) Ash in moisture-free felt 


Asphalt Saturated 
Min. 5.2 lb. per 100 
sq. ft. 

Max. 10% 


Coal Tar Saturated 
Min. S.2 lb. per 100 
sq. ft. 

Max. 10% 


Saturated 


(a) Width of roll 32 in.-36 in. ± 

(b) Gross weight of roll 40-80 lb. 

(c) Weight of material per 100 sq. ft. exclu- 
sive of wrapping and packing 14 lbs. ± 1 lb. 

(d) Loss on heating at 221° F. (105° C.) for 

5 hrs Max. 4% 

(e) Moisture 


(f) Distillate, per cent by weight to 210° C. 

calculated on extracted saturant 

Distillate, per cent by weight to 235° C. 
calculated on extracted saturant 

(g) Pliability at 11° F. (25“ C.) At least four strips 

out of five shall not 
crack when bent 
thru 180° over a 
1/16 in. mandrel 

(h) Saturant in moisture-free felt, by weight. Min. 140% 


32 in.-36 in. ±; 
40-80 lb. 

14 lbs. ± 1 lb. 


Max, 2^'% of net 
weight 

Max. 2 

Max. 5 

At least four strips 
out of five shall not 
Crack when bent 
thru 180° over a 
1/16 in. mandrel 
Min. 140% 
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19. Asbestos Felt shall meet the following requirements: 

Desattjrated 

(a) Average thickness not less than 0.04S in. 

(b) The relative proportion of the organic and as- 
bestos fibers based on a microscopic count shall 
be: 

Organic not more than 10% 

Asbestos and hair not less than 90% 

(c) The felt shall contain cattle hair uniformly distributed. The amount of cattle hair 
shall be from 10 to 15 per cent, by weight, of the asbestos fiber content. 

Saturated 

(a) Width of roll ..32 to 36 in. ± in. 

(b) Gross weight of roll 40-80 lb. 

(c) Weight of material per 100 sq. ft. exclusive of 

wrapping and packing 30 lb. ± 1>^ lb. 

(d) Loss on heating at 221° F. (105° C.) for 5 hrs. . .not more than 4% 

(e) Moisture content * not more than 54% of net weight 

(f) Weight of saturant, not less than 55% of the weight of moisture free felt. 

(g) Mullen test to show a strength of 45 lb. minimum and 55 lb. maximum at 70° F. 
(21° C.) 

20. The surface of the felt shall be uniformly smooth and upon splitting or tearing 
on the bias, shall appear reasonably free from lumps of underbeaten stock (i.e. stock 
which has not been beaten or shredded into fiber in the process of manufacture) and 
from particles of foreign substance (i.e. fragments of stone, metal, leather, rubber, straw, 
wood, etc.). 

21. The felt shall be thoroughly and uniformly saturated and shall show no un- 
saturated spots at any point upon cutting 2 im strips at random across the entire sheet 
and splitting them open for their full length. 

22. The finished cotton fabric or felt shall be free from visible defects sudi as 
holes, ragged or untrue edges, breaks, rents or cracks, and shall not be coated or covered 
with talc or any substance that will interfere with adhesion between the fabric or felt 
and the bitumen. 

23. The saturated fabric shall be wound on mandrels not less than two inches in 
diameter and extending from two to four inches beyond the end of the roll. The rolls 
of saturated 'felt need not be wound on cores. 

24. The rolls of cotton fabric or felt shall be securely wrapped or tied to prevent un- 
rolling in transit and shall be capable of being unrolled easily at atmospheric temperatures 
above 50° F. without fabric sticking in such a manner as to injure it. 

25. Cotton fabric, felt, asphalt and coal-tar pitch shall be delivered on the work 
in the original packages which shall bear the manufacturer’s brand or label. The kind 
of material and purpose for which it is to be used shaH be indicated. 

26. Insulating Paper shall be a waterproof paper 36 inches wide and weighing not 
less than 10 lb. per 100 square feet. 

27. Plastic Cement shall be composed of a semi-solid asphaltum, dissolved in a 
suitable volatile solvent and bodied up with a mineral filler consisting essentially of 
short-fiber asbestos. 

28. The asphaltum forming the base of the plastic cement shall be either a fiuxed 
native asphalt or a straight steam-refined asphaltic petroleum residual, the pure bitumen 
of which shall have a penetration at 77° F. (100 grams, 5 seconds) of not less than 30, 
and a ductility at 77° F. (5 centimeters per minute) of not less than 100 centimeters. 
The asphaltum shall be free from water, shall not have been subjected to oxidation or 
blowing, and shall contain no oxidized petroleums, residuals from the cracking process, 
sludge asphalts, tar or pitch products, or any admixtures or derivatives thereof. 
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29. The plastic cement shall comply with the following requirements: 


Fluxed Native or Steam-Refined 

Petroleum Asphalt, not less than 38% by Weight 

Short-fiber Asbestos, not less than 25% by Weight 

Petroleum Solvent, not more than 2$% by Weight 


30. The plastic cement shall be of the proper consistency to spread readily with 
a trowel without drawing or pulling, or to be extruded through a suitable nozzle at the 
end of a flexible hose under a pressure of SO lb. or more per square inch (such as can be 
obtained by a grease gun or in a compartment under air pressure) . 

31. When applied in a layer one-sixteenth (1/16) to one-eighth (J4) of an inch in 
thickness, the cement shall set within twenty-four (24) hours to a tough plastic coating, 
free from blisters. 

32. A patch of the cement one-sixteenth (1/16) to one-eighth (54) of an inch in 
thickness applied to the material upon which it is to be used, after drying for seventy-two 
(72) hours, on exposure to a temperature of 140® F. (60® C.) for five (S) hours shall 
not sag or slip more than one-quarter (54) of an inch and shall not blister. 

33. A patch of the cement one-sixteenth (1/16) to one-eighth ( 54 ) of an inch in 
thickness after drying for seventy-two (72) hours and after exposure to a temperature 
of 140“ F. (60“ C.) for five (5) hours shall be plastic and adhere well to saturated fabric, 
saturated felt, metal and concrete after exposure at 32® F. (0® C.) for one (1) hour. 

34. A patch of the cement one-sixteenth (1/16) to one-eighth ( 54 ) of an inch in 
thickness after drying for twenty-four (24) hours and after exposure to a temperature 
of 140® F. (60® C.) for twenty-four (24) hours and cooling to 70® to 77® F. (21® to 
25® C.) shall not crack or break from the roofing or metal when bent over a mandrel 
one (1) inch in diameter. 

35. Asphalt Mastic shall be either premoulded blocks or poured-in-place mastic. 
Poured-in-place mastic shall be composed of (a) asphalt mixed with mineral aggregates, 
or (b) mastic cake mixed with asphalt and mineral aggregates. 

36. Asphalt tor Mastic shall be homogeneous and free from water. It shall meet 
the following requirements: 

Penetration: at 77® F. (25° C.), 100 g., 5 sec... 25 to 30 

Flash point (open cup) not less than 347° F. (175° C.) 

Loss on heating at 325® F. (163° C.), 50 g., 5 hr. .not more than 2 per cent 
Penetration at 77° F. (25® C.), 100 g., 5 sec. of 
residue after heating at 325® F. (163® C.), as 
compared with penetration of asphalt before 

heating not less than 60 per cent 

Ductility at 77° F. (25° C.) not less than 15 cm. 

Proportion of bitumen soluble in carbon tetra- 
chloride not less than 99 per cent 

NOTE: When less than 99 per cent of asphalt is soluble in carbon tetrachloride, the percentage of 
bitumen (solubility in carbon disulphide) shall be reported. 

37. Coarse Mineral Aggregate shall be well graded crushed stone or washed 
gravel, that will pass a ^-inch screen and be retained on a No. 10 screen. It shall be 
free from soft particles and organic matter. 

38. Fine Mineral Aggregate shall be well graded washed sand or crushed stone, 
that will pass a No. 10 screen. It shall be free from soft particles and organic matter. 

39. Mineral Filler shall be finely ground limestone or silica meeting the following 
requirements: 
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Passing a 200 mesh sieve. not less 50 per cent 

Passing a 30 mesh sieve not less than 90 per cent 

40. Portland Cement shall meet the requirements of the standard Specifications 
for Portland Cement, of the American Railway Engineering Association, or current revi- 
sions thereof. 

41. Mastic Cake shall contain from 14 to 18 per cent, by wei^t, of matter soluble 
in pure benzol. The soluble matter shall be asphalt which will meet the requirements of 
Section 35. The insoluble matter shall be granular mineral matter, which will meet the 
requirements of Sections 38 and 39. 

42. Premotjlded Asphalt Blocks shall meet the following requirements: 

They shall be 4 inches wide, 8 inches long, and 1^ inches thick. A 
deviation of ^ inch in length or 54 inch in width or thickness either way 
from these dimensions, shall be cause for rejection. 

The blocks shall be formed in moulds, under a pressure of not less than 
3300 pounds per square inch of surface. An absorption test shall be made 
on blocks dried for 24 hours at a temperature of 150° F. (6S.S° C.) and then 
immersed in water seven days. The absorption of moisture under this test 
shall not exceed 1 per cent of the weight of the block. 

43. Asphalt Plank shall be a mixture of asphalt, mineral matter and organic fiber 
(but free from wood fiber) and shall weigh not less than eighty-five pounds per cubic 
foot. The average of three tests shall meet the following requirements: 

Asphalt (by Soxhlet extraction apparatus): Min. 40%; max. 48%; average 42.5%. 

Mineral matter (measured as ash) ; between 35% and 45%. 

Organic fiber, etc. (sum of asphalt and ash subtracted from 100): 8% to 22%. 

The percentage of ash shall never exceed the percentage of asphalt. 

44. The finished plank shall pass penetration and impact tests described below. 

45. The penetration test shall be made at room temperature in a Riehle Bros, pene- 
trometer machine equipped to read to thousandths of an inch. A specimen 6 in. by 6 in. 
in size, after being submerged in water at 90° F. for not less than one hour, shall be 
placed upon a flat bearing plate forming a part of the testing instrrunent. The bearing 
plate, carrying the test specimen, is then elevated until contact is made between the top 
surface of the test specimen and the three ^ in. balls. A load of 30 lb. is then applied 
for a period of ten seconds, reading is taken, and the load is immediately increased to 
120 lb. and a second reading is taken one minute after the application of the 30 pound 
load. The 120 pound load is continued for a period of one more minute and a third 
reading is taken. The difference between the third and second readings shall not be 
greater than .013 of an inch. 

46. The impact test shall be made at room temperature with a mach i ne similar to 
the one shown below. Three specimens two inches in diameter, shall be cut from mate- 
rial to be tested, and submerged in water at 32° F. and held at this temperature for not 
1^ than two hours, after which one specimen shall be placed on a flat bearing plate, 
forming part of the testing machine, and on top of this specimen the one inch diameter 
pin will be placed to transmit the blow from the ten pound tup, falling at heights ^own 
in the following table: 

1st specimen — one blow falling 19 in. for plank IJi in. thick; 20 in. for plan? 

154 in. thick 

2nd specimen — one blow falling 21 in. for plank 154 in. thick; 22 in. for plank 

154 in. thick 

3rd specimen — one blow falling 23 in. for plank 154 in. thick; 24 in. for plank 

154 in. thick 
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Two out of three specimens tested must stand the blow without being broken into 
pieces or showing a fracture or crack. Small cracks will be considered a failure. 



Rough Sketch of Instrument for Making Impact Test. 


47. The asphalt plank shall be of uniform width and thickness, have straight sides 
and all edges square. The thickness, width and length dimensions, and manner of bends, 
shall be as shown on plans. Curb and gutter plank shall be extruded, in final shape, 
from a mold. Curb, gutter and end plank which are bent shall be crated before ship- 
ment. All asphalt plank shall be so loaded at the factory that there will be no defor- 
mation caused by overhanging loads, etc., and if necessary, the load shall be blocked to 
prevent shifting while in transit. 

48. Plank which does not meet the requirements of these specifications will be 
rejected and plank which shows an injurious defect subsequent to acceptance, will be 
rejected and shall be replaced by the manufacturer at his own expense. 

49. Materials used in Concrete shall meet the requirements of the current speci- 
fications for concrete, of the American Railway Engineering Association. Reinforcing 
material shall be steel wire netting with a mesh not less than two inches. The wire 
shall be not smaller than No. 14 gage. 

50. Brick shall be not less than 2 }^. inches thick and shall be dense, hard burned, 
uniform in size and quality, free from warp and have square corners. The absorption of 
moisture by bricks immersed in water seven hours shall not exceed 10 per cent of the 
weight of the dry brick. 

51. All materials shall be sampled and tested for the specified properties by the 
current methods recommended by the American Society for Testing Materials. 

52. All materials to be furnished by a Contractor shall be delivered on the work 
at least three weeks before they are to be applied, in order that they may be tested and 
analyzed. No work shall be begun until the materials have been accepted by the 
Engineer. 

Application 

^3. Membrane waterproofing shall not be applied in wet weather; nor when the 
atmospheric temperature is less than 50® F. without written permission from the Engi- 
neer. The waterproofing shall not be punctured and shall be free from pockets or folds. 

54. Surfaces to be waterproofed shall be dry and clean, and any projection which 
might injure the membrane shall be removed. There shall be no depression or pocket in 
horizontal surfaces. Concrete shall be sufficiently cured before waterproofing is applied. 
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55. The waterproofing shall be turned without a break into drainage casings. 
Special care shall be taken to make the waterproofing effective along the sides and ends 
of girders and at stiffeners, gussets, etc. Grooves shall be filled with plastic cement 
specified in Sections 27 to 34 inclusive. 

56. On surfaces that are vertical, or nearly so, the strips of cotton fabric or felt 
shall be laid vertical or with the slope; on other surfaces the strips shall be laid shingle 
fashion, beginning at the lowest part of the surface to be waterproofed. Sufficient cotton 
fabric or felt shall be allowed for suitable lap or anchorage at upper edge of surface to 
be waterproofed. 

57. If specified by the Engineer, surfaces of concrete or steel coming in contact with 
asphalt waterproofing shall be given one coat of asphaltic primer (except where insu- 
lation is to be used at expansion joints) which shall be thoroughly worked in to give a 
uniform coating. The priming coat shall be applied approximately 24 hours before apply- 
ing the waterproofing membrane and shall be dry before the first mopping of asphalt is 
applied. 

58. The surface to be waterproofed shall be mopped with hot asphalt or coal-tar 
pitch (also referred to as bitumen), in sections, and immediately afterward a strip 
of cotton fabric or felt shall be laid on the mopping and pressed into place. The amount 
of bitumen used for each mopping shall be not less than 4J4 gallons for each 100 square 
feet of surface. 

59. Each mopping shall be so applied that it will completely cover and seal the 
cotton fabric or felt. Bitumen shall be frequently stirred and asphalt shall not be heated 
to a temperature above 350® F. or coal-tar pitch above 250° F. Kettles shall be equipped 
with armored thermometers, 

60. For 2-ply work a section of the surface to be waterproofed 2 inches wider 
than a half width of cotton fabric or felt shall be mopped and on this hot mopping a 
half width of cotton fabric or felt shall be laid. The top surface of this cotton fabric 
or felt and an adjacent section of the surface to be waterproofed, having a total width 
of 2 inches greater than the full width of a strip of cotton fabric or felt, shall then be 
mopped and on it a full width of cotton fabric or felt shall be laid completely covering 
the first strip. Another full width of ootton fabric or felt shall then be applied in hot 
mopping, lapping the first strip not less than 2 inches. This process shall be continued 
until the entire surface to be waterproofed is covered, each succeeding layer of cotton 
fabric or felt to lap the next to last strip not less than 2 inches. Side laps shall be not 
less than 2 inches and end laps not less than 12 inches, 

61. For 3-ply work the procedure shall be the same as for 2-pIy work with the 
exception that the first strip laid shall be a % width of cotton fabric or felt; the second 
strip a % width of cotton fabric or felt and the third and succeeding strips, full widths 
of cotton fabric or felt; tbe second full strip to lap the first, or % width strip, at least 
2 inches; each succeeding strip to lap the third preceding strip at least 2 inches. 

62. If membrane waterproofing consisting of more than 3 plies is g>edfied it shall 
be built up in shingle fashion similar to 3 -ply work by addition of as many plies as 
required. 

63. No patching shall be done without permission of the Engineer. Where patching 
is permitted for faulty waterproofing it shall extend at least 12 inches beyond the outer- 
most faulty portion and the second and succeeding plies shall extend at least 3 inches 
beyond the preceding ply. 

64. The work shall be so regulated that at the end of the day all fabric or felt 
that has been laid will have received the final coat of bitumen. 
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65. At construction joints a strip of insulated paper not less than 18 inches wide 
shall be placed between the dry surface which is to be waterproofed and the membrane 
waterproofing; this full width strip shall be placed before mopping for the membrane, 
omitting the primer, 

66. Expansion joints shall be filled with plastic cement specified in paragraphs 27 
to 34. Joints shall be dry and clean before being filled. They shall be slightly overfilled 
to allow for shrinking on drying. 

67. The Protective Cover shall be placed as soon as practicable after membrane 
is laid. Dirt and other foreign material must be removed from the surface of the mem- 
brane immediately before the protective cover is placed. One of the following methods 
of protection shall be employed: 

(a) A layer of poured-in-place asphalt mastic not less than 1^ in. thick. 

(b) A layer of asphalt blocks not less than 1J4 in. thick or a layer of asphalt 
plank not less than in. thick, laid in an extra heavy mopping of asphalt, 
with joints filled with hot asphalt. 

(c) A layer of adequately reinforced cement mortar or concrete not less than 
2 in. thick. 

(d) A course of hard burned brick not less than 2^4 in. thick with joints filled 
with hot asphalt except that when laid as a vertical wall or on a steep slope, 
bricks shall be laid in cement mortar. 

NOTE: Mastic shall not be used on surfaces steeper than 4;^ vertical to 12 horizontal. A pro- 
tective cover containing asphalt shall be placed on only a membrane in which the bitumen used is 
asphalt. 

68. Poured-in-place mastic shall be laid on one thickness of insulating paper placed 
on the membrane and shall be made as specified in Sections 69 or 70. 

69. The asphalt and mineral aggregates shall be mixed in the following proportions, 
which should be varied, within the specified limits, to give a mastic of the greatest 
density and stability: 


Asphalt meeting requirements of section 36 9 to 12 per cent 

Coarse mineral aggregate meeting requirements of section 37. .33 to 40 per cent 

Fine mineral aggregate meeting requirements of section 38 33 to 37 per cent 

Portland cement or mineral filler meeting requirements of sec- 
tions 40 and 39 15 to 19 per cent 


70. Mastic cake, asphalt and mineral aggregates shall be mixed in approximately 
the following proportions which should be varied to give a mastic of the greatest density 
and stability: 


Mastic cake meeting requirements of section 41 48 per cent 

Asphalt cake meeting requirements of section 36 5 per cent 

Coarse mineral aggregate meeting requirements of section 37 28 per cent 

Fine mineral aggregate and cement or mineral filler meeting require- 
ments of sections 38, 40 and 39 19 per cent 


71. The asphalt and mastic cake shall be heated to a temperature not higher than 
350° F. The aggregates shall be mixed and heated and then placed in the kettle of 
melted asphalt. The ingredients shall be mixed thoroughly with iron stirring rods until 
all pieces of the aggregates are covered by and incorporated in the asphalt, care being 
taken to prevent burning. After the mastic is mixed it shall be removed from the kettle 
and poured into place while hot. It shall be placed in layers not more than ^ in. thick, 
the thic kn ess of the layers to be gaged by wooden strips held in position by suitable 
weights. The layers shall break joints not less than 6 in. and shall be brought to the 
required thickness with wooden spreaders and floats. The top layer shall be finished to 
the required grade and to a smooth surface. As soon as the top layer of the mastic is 
finished, it shall be given a mopping of hot asphalt sanded to a walking surface while hot. 
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72. The Premoulded Block Protection Course shall be laid over the entire 
membrane, except around drainage castings and other places shown on the plans. In 
such places poured-in-place mastic or concrete shall be used. The blocks diall be laid 
in hot asphalt and the joints shall be j&lled immediately with asphalt which shall meet 
the requirements of Section 36. 

73. Asphalt Plank shall be laid in a mopping of 50 pounds of hot asphalt per 
100 square feet of membrane applied over a small enough area at a time so planks will 
be introduced while asphalt is still hot. The edges and ends of plank shall be heavily 
coated with asphalt after the planks are laid so that as the successive planks are laid 
and brought as close as possible to those already laid the spaces between the planks will 
be completely filled with hot asphalt and a small amount of asphalt wiQ be squeezed out 
at the tops of the joints. The successive planks shall be placed in such a manner that 
the movement of the plank necessary to squeeze joints full of hot asphalt, shall be as 
small as practicable. After all planks have been placed, any joint not completely closed 
shall be filled with hot asphalt. 

74. Concrete Protection Course shall be not less than 2 in. thick and reinforced 
as required by the plans. The concrete shaE be of a consistency as dry as workability 
will permit and shall contain barrels of cement per cubic yard of concrete. 

75. Unless approved by the Engineer, traffic shall not be allowed to pass over until 
the concrete deposited last has had the equivalent of seven days of good curing. 

7d. Brick Protection Course shall be laid over the entire membrane, except 
around the drainage castings and other places shown on the plans. In such places con- 
crete shah be used. The joints between bricks shall be filled immediately with hot 
bitumen of the kind used for saturant and mopping except that when in a vertical wall 
or on a steep slope the brick shall be laid in cement mortar. 
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Committee, 


To the American Railwfiy Engineering Association: 

Your Committee respectfully presents herewith report covering the following sub- 
jects: 

(2) Track anchorage over bridges and similar structures (Appendix A). It is 
recommended that the conclusions in the report be approved for publication in the 
Manual. 


(3) Fusion welding and gas cutting for steel structures (Appendix B). It is recom- 
mended that the report be received as information. 

(12) Repainting of steel bridges, with special reference to the condition requiring 
repainting and the economical method of doing the work (Appendix C). It is recom- 
mended that the report be received as information. 

(13) Bronzes for various purposes in connection with Iron and Steel Structures 
(Appendix D). It is recommended that the report be received as information. 


Respectfully submitted. 

The Committee on Iron and Steel Structures, 

A. R. Wilson, Chairman. 


Appendix A 

(2) TRACK ANCHORAGE OVER BRIDGES AND SIMILAR 
STRUCTURES 

W. S. Lacher, Chairman, Sub-Committee; C. H. Chapin, R. P. Davis, G. A. Haggander, 
S. Hardesty, J. B. Hunley, M. S. Ketchum, B. R. Leffler, H. S. Loeffler, P. B. Mot- 
ley, G. A. Phillips, C. D. Purdon, C. S. Sheldon, C. E. Sloan, G. H. Trout, R. A. 
Van Ness. 

This Committee makes the following report and recommends that the conclusions 
be approved for publication in the Manual: 

Prevailing practice in dealing with the longitudinal movement of rails on bridges 
was reviewed in the report of this Committee for 19^31, Vol. 32, page 123. That report 
and the one presented here deal only with the open-deck bridges without movable spans. 

Bulletin 351, November, 1932. 
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Ballast-deck bridges are believed to impose no problem not encountered in track on 
roadbed, while bridges embracing movable spans introduce problems of rail joints and 
anchorage that must be considered a special problem. The term anchorage as used in 
this report designates any means employed to resist the longitudinal movement or creep- 
ing of rails with respect to the structure. 

As shown in the report cited above, there is a wide variation in both experience and 
opinion with respect to this problem. On some railways the use of any forms of anchor- 
age against longitudinal movement of rails on bridges is expressly prohibited (except on 
structures embracing movable spans), cases being cited of serious injury to structures 
occasioned by their being subjected, through the agency of rail anchorage, to forces 
which they were not designed to resist. On other roads rail anchors are reported to 
have been employed on bridges with entire satisfaction. 

This conflict of opinion and experience is to be expected. The magnitude of the 
forces that cause creeping of rails is not known and is obviously of so variable a nature 
that even if the range of the values of these forces were determined by experiment there 
would still remain the uncertainty as to the particular value to apply in any given case. 
Because of this uncertainty with respect to the forces to be resisted in anchoring track 
against creeping, rail anchors are applied to track on roadbed in accordance with em- 
pirical rules, increasing the number if the anchors originally applied prove inadequate. 

Effort to cope with the longitudinal forces applied to track on bridges is a more 
serious matter since it not only involves the problem of the behavior of the track with 
respect to these forces but imposes also the disposition of the forces as they are applied 
by the track to the bridge. Progress in bridge engineering has reached a stage where 
the principal limitation on the attainment of maximum economy in design is uncertain 
as to the external forces to be applied during the life of the structure. To add to the 
unavoidable uncertainty with respect to future train loads; a further uncertainty in the 
form of longitudinal forces of unknown amount obviously leads to the waste attending 
empirical methods of design. 

Much of the variable nature of forces of creeping track arises from the continuous 
character of track construction. As a consequence of this, there is no assurance that the 
rail anchors placed on a given stretch of track resist only the forces generated within the 
limits of that particular portion of the track. On the contrary, there is ample evidence 
to show that the anchorage applied to certain stretches of track may be compelled to 
resist the accumulated thrust generated in adjacent stretches and transmitted progres- 
sively from rail to rail. This phenomenon is of particular moment in the case of rail 
anchored on bridges because by its nature, rail anchorage on an open-deck bridge is more 
positive in action up to the point of failure than anchorage of track on roadbed, the 
effectiveness of which is necessarily limited to the resistance offered by the ballast to the 
movement of the ties. It is, therefore, readily possible that anchorage of rail on a bridge 
may transmit to the structure accumulated longitudinal forces generated in the track not 
only within the length of the bridge, but for considerable distances beyond its ends. 
This is the principal objection offered to the anchoring of rails on bridges by those who 
contend that the track should be restrained against longitudinal movement on the adja- 
cent roadbed rather than on the bridge. Attention may be directed also to the fact 
that those who favor the holding of track against longitudinal movement on bridges 
impose the pre-requisite of adequate anchorage of the track on the adjacent roadbed. 

In the opinion of this Committee there is not now available adequate data on the 
longitudinal forces which cause creeping of rails to warrant a definite recommendation 
wi?|i respect to the anchoring of rail on bridges. Such data could be obtained only 
through costly and protracted research. The Committee has, therefore, confined itself 
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to the following brief conclusions which apply to open-deck bridges not embracing 
movable spans. 


Conclusions 

1. Bridges are designed to resist only such longitudinal forces as are imposed within 
the length of the structure. The magnitude of the forces that cause rails to creep is un- 
known and may be transmitted from rail to rail for appreciable distances. Consequently 
the anchoring of rail on a bridge may impose longitudinal forces to the structure for 
which no adequate provision has been made in the design. 

2. The first step in overcoming the creeping of rails on a bridge is to anchor the 
rails effectively on the adjacent embankment. 

3. With adequate anchorage of rails on the adjacent embankment there should 
be no need for any anchorage of rails on short bridges. 

4. If rails on a bridge creep in spite of effective anchoring of the rails on the 
adjacent embankments, the anchoring of the rails to the bridge will prove satisfactory 
and effective in many cases, but such anchoring must be undertaken only when the move- 
ment of rails on the bridge is not the result of uncontrolled creeping on the adjacent 
embankments. 

5. If inability to control excessive creeping of the rails on the adjacent embank- 
ments produces objectionable movement of the rails on the bridge, it may be necessary 
to introduce adequately guarded switch points at each end of the bridge, anchoring the 
rails on the bridge if necessary, and allowing the rail on the adjacent embankments to 
run, 

6. If inability to control excessive creeping of the rails on the bridge, in spite of 
effective anchorage of the rails on the adjacent embankments, produces objectionable 
movement of the rails on the bridge, it may be necessary to introduce adequately guarded 
switch points at each end of the bridge and allow the rails on the bridge to run. 

7. In these cases where the rails are anchored on the bridges: 

(a) Commercial rail anchors of demonstrated effectiveness on roadway track will 
generally be found effective on bridges, 

(b) Rail anchors should be applied to ties that are effectively secured against longi- 
tudinal movement relative to the bridge members on which they are supported. 

(c) Anchors applied to rails on a bridge should be so located relative to the ex- 
pansion bearings of the spans, or slip joint as to permit the proper movement of the rails 
relative to the structure. 

(d) The number of anchors applied and their distribution along the structure will 
depend on the severity of the creeping action, its direction and whether or not it is 
necessary to resist movement in more than one direction. 

Appendix B 

(3) FUSION WELDING AND GAS CUTTING FOR STEEL 
STRUCTURES 

Albert Reichmann, Chairman, Sub-Committee; P. S. Baker, J. E. Bernhardt, A. J. 

Buhler, C. H. Chapin, R. P. Davis, F. 0. Dufour, Thos. il^rle, F. A. Howard, C. S. 

Heritage, Jonathan Jones, P. G. Lang, Jr., F. J. Pitcher, H. C. Tammen, G. H. 

Tinker, G. H. Trout, H. T. Welty. 

This Committee presents as its report Tentative Specifications for Fusion Weiding 
and Gas Cutting for Steel Structures, and recommends that they be reewed as informa- 
tion. 
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TENTATIVE SPECIFICATIONS FOR FUSION WELDING AND GAS CUTTING 
FOR STEEL STRUCTURES 

Foreword 

It is the intention of the Committee to establish a practice in the design, workman- 
ship and inspection of fusion welding and gas cutting, covering such parts in bridge and 
building construction and repairs as designated by the Engineer. 

The various publications of the American Welding Society were consulted and ex- 
tracts used in writing these specifications. References for symbols, qu9,lifications of 
welders, etc., are given to save repetition. 

The various General Specifications of the American Railway Engineering Association, 
with additions and revisions, shall apply to these Welding Specifications except as pro- 
vided otherwise herein. 


Contents 

Article Subject Sections 

1 General Application 1-2 

II Nomenclature, Definitions and Symbols 3 

III Materials 4-15 

rV Permissible Unit Stresses 16-19 

V Design 2CM7 

VI Qualifications of Welders 48 

VII Workmanship 49-61 

VIII Protection of Steel 62-64 

IX Erection d5-68 

X Gas Cutting 69-74 

XI Inspection 75-82 


(I) GENERAL APPLICATION 

Fusion 'Welding 

1. Fusion welding comprising arc and gas welding, when so designated, may be 
substituted for or used in combination with the riveting, bolting or other methods for 
connecting together or assembling the component parts of steel beams, girders, lintels, 
trusses, columns, and other structural steel used in buildings, railroad and highway bridge 
construction. 

Gas Cutting 

2. Gas cutting may be substituted for shearing or sawing in the fabrication of 
structural steel or for field alterations to existing steel. 

(II) NOMENCLATURE, DEFINITIONS AND SYMBOLS 

3. See Supplement on Nomenclature, Definitions and Symbols, American Welding 
Society Journal, November, 1929, and A.R.E.A. Bulletin, Vol. 32, No. 334, dated Feb- 
ruary, 1931, 

(III) MATERIALS 

Structural Steel 

4. The grade of steel used shall conform to the requirements of the specifications 
of the struct\ire welded. 
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Electrodes and Welding Rods 

5. Electrodes and welding rods shall be made of commercially straight wire, either 
bare, fluxed or coated, of uniform homogeneous structure, free from irregularities in 
surface hardness, segregation, oxides, pipe, seams, or other harmful defects. 

6. The diameter of electrodes and welding rods shall not vary more than plus or 
minus three per cent from diameter specified. 

7. Electrodes and welding rods shall show good welding qualities in fiat, vertical 
and overhead position and shall pass through the welding process without any unusual 
characteristics. 

8. The surfaces of electrodes and welding rods shall be smooth and free from rust, 
oil and grease. 

9. In the following tables of specifications for electrodes, the prefix letter E indi- 
cates that the material is intended for electric arc welding, and the prefix letter G indi- 
cates that the material is intended for gas welding. 

10. The chemical composition of electrodes shall be within the following limits for 
uses specified. 


Low Carbon Steel 
E-No. IB 

Carbon 0.13-0.18% Phosphorus 

Manganese 0.4CM).6Q% Sulphur 

Silicon 0.06% maximum 


0.04% maximum 
0.04% maximum 


High Carbon Steel 
E-No. IC 

Carbon 0.85-1.10% Phosphorus 0.04% maximum 

Manganese 0.30-0.60% Sulphur 0.04% maximum 

Silicon 0.02% maximum 

11. Electrodes shall be of the following sizes: 

E-No. IB — H iiich dia. 

E-No. IC— 5^, hy 34, A inch dia. 

12. Grade E-No. IB shall be used for welding mild steel, structural shapes, plates, 
bars or low carbon steel forgings and castings. 

13. Grade E-No. IC shall be used for welding high carbon steel and worn surfaces 
where great resistance to abrasive wear is desired and where machining is not necessary, 
such as rails, frogs, switch points, bearing surfaces, etc. 

14. The chemical composition of the welding rods shall be within the following 
limits: 

G-No. lA 


Carbon not over 0.06 of one per cent 

Manganese not over 0.15 of one per cent 

Phosphorus not over 0.04 of one per cent 

Sulphur not over 0.04 of one per cent 

Silicon not over 0.08 of one per cent 


15. The welding rods shall be of the following sizes: 34, A, H 

inch dia. 
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(IV) PERMISSIBLE UNIT STRESSES 

Unit Stresses 

16. Welded joints shall be proportioned so that the combined dead and live loads, 
and impact, if any, shall not cause the stresses therein to exceed the following amounts 
in pounds per square inch of net section through throat of weld excluding any reinforce- 


ment: 

Shear on section through throat of weld 11,300 

Tension on section through throat of weld 13,000 

Compression on section through throat of weld 15,000 


Fillet welds placed transversely to the direction of the principal stress shall be con- 
sidered as under shear. 


oj fillet 



W' 

7/16" 

9/16" 

W' 

Bending 


Working Stresses or Standard Fillet Welds in Shear 

Pounds per linear inch 

2,000 

2,500 

3,000 

3,500 

4,000 

4,500 

5,000 


17. Maximum fiber stresses due to bending shall not exceed the values prescribed 
above for tension and compression respectively. 


Combined Stresses 

18. Stresses in welded joints due to wind when combined with other stresses, may 
exceed by 25 per cent the values prescribed in the table; provided, the section thus ob- 
tained is not less than that obtained if the wind force be neglected. 


Eccentricity 

19. In designing welded joints adequate provisions shall be made for bending 
stresses due to eccentricity, if any, in the disposition or section of base metal parts. 


(V) DESIGN 

Plate Girders 

20. Girders shall be proportioned either by their moments of inertia or by the flange 
area method. In applying the flange area method to welded girders having no holes in 
the web, one-sixth of the web area may be considered a part of each flange area. 

21. The web splices shall consist of plates, one on each side of the web. 

22. Stiffeners may be either angles or flat bars, welded to the top and bottom 
flanges, and to the web, by continuous or intermittent fillet welds designed to transmit 
the stresses. 

23. Connection of component parts of flanges to each other and of flanges to web 
shall be by continuous or intermittent fillet welds designed to transmit the stress. 

24. In compression members composed of two or more plates fastened together, 
such as cover plates in a compression flange of a plate girder, plug or slot welds shall be 
used if the width between edge welds is more than 24 times the thickness of the thinnest 
plate in the direction perpendicular to the line of stress, and not more than 12 times 
the thickness of the thinnest plate in the line of stress. In tension members, plug or 
^ot yields shall be spaced not more than 24 times the thickness of the thinnest outer 
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plate in either direction. The diameter of holes for plug welds and width for slot welds 
shall be greater than the thickness of material in which the holes or slots are placed. 

Beams 

25. The use of continuous beams and girders, designed in accordance with accepted 
engineering principles, shall be permitted provided that their welded connections be de- 
signed to transmit the stresses to which they may be subjected. 

26. The connection at the end of non-continuous beams shall be designed so as to 
avoid excessive secondary stresses due to bending. 

27. When the toe of a seat angle supporting a beam is to be welded to a web or 
to a column and is not truly formed, but is rounded due to worn rolls or other causes, 
either a preliminary fillet shall be deposited to fill the open space, or the rounded edge 
of the toe shall be sheared square, after which the full fillet required in the design shall 
be deposited to receive the full fillet required. 

Trusses 

28. In tension members connected by fillet welds the gross cross-sectional area shall 
be considered as resisting the stresses. If plug or slot welds are used, they shall be placed 
so as not to reduce gross sections, otherwise the effective net section shall be used. 

29. For members having symmetrical cross-sections, the fillets shall be arranged 
symmetrically about the axis of the member or proper allowance shall be made for the 
unsymmetrical distribution. 

30. For members of unsymmetrical cross-sectioto, as angles, etc., the length of fillets 
shall be determined by taking moments about the gravity axis of the member. 

Columns 

31. The ends of columns shall be faced for bearing. Column splices, whenever 
practicable, shall consist of splice plates connected to the columns with proper amount 
of fillets. When sections of columns to be spliced are such that splice plates cannot be 
used, connections may be formed of plates and angles or other shapes designed to dis- 
tribute the stresses properly. In all cases, colunm splices shall be so arranged that by 
bolts or other means the two sections of the columns to be spliced can be accurately 
aligned before welding and shall be of sufficient strength to carry the erection stresses. 

32. Fillet welds connecting the component parts of a built-up column may be either 
continuous or intermittent; if intermittent, the length of each weld at the ends of the 
column shall be equal to the least width of the column. The length of the intervening 
welds shall be not less than four times the size of the fillet leg, spaced not more than 
four inches in the clear. The size, length, and spacing of the fillet welds shall be such 
as to provide the same strength, per unit of column length, as the rivets specified for 
riveted columns. If a member is in an exposed position, the joint between intermittent 
welds should be sealed against the entrance of water by a ^ inch fillet weld. 

33. Lattice bars and tie plat^, if used, shall be welded so as to secure strengths 
equal to rivets specified for riveted columns. 

Welding 

34. Main members subject to impact stresses shall have their welded connections 
designed for the sum of the Dead, Live aod Impact stresses plus an additional amount 
equal to 25% of the impact stress. Wherever practicable, welds subjected to impact 
should be parallel to the direction of the princ^al stress. 

35. For welded structures, component parts of all columns, girders and trusses 
shall preferably be welded with fillet weicfe, but plug or slo«tted welds will be permitted 
if required to reinforce the fillet welds. 
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36. As far as possible, all joints shall be designed to eliminate overhead welding. 
All joints shall be arranged, as far as possible, so that the joints will be in shear or direct 
compression. 

37. Tension butt welds shall not be used in main truss members, but may be used 
in secondary members, wind bracing connections, beam and girder connections. 

Weld Dimensions 

38. The size of a fillet weld shall be expressed in terms of the length of the side of 
the largest isosceles right triangle contained in the cross-section of the weld metal. 

39. The size of a butt weld shall be expressed in terms of its net or unreinforced 
throat dimension. 

40. The length of a weld shall be considered to be the unbroken length of the full 
cross-section of the weld. For fillet welds i^^ch shall be added to the designed length 
to allow for the crater. No addition need be made for butt welds. 

41. Fillet welds of lengths less than four times their size shall not be figured as 
part of any connection. 

Butt Joint 

42. One or both edges of base metal parts, inch or more in thickness, transmit- 
ting stress by means of butt welds, shall be beveled. For single and double V joints, 
the bevel of each part shall be not less than 3754 degrees, thus forming an open space 
with an angle of not less than 75 degrees. For single and double bevel joints, the bevel 
shall be not less than 45 degrees. 

43. In all single and double V and single and double bevel joints, the beveled edges 
shall have initial free distances of 54 to A inches when welded with bare rods, and not 
to exceed inch when welded with coated rods. Steel 54 and inches in thickness 
shall have welds laid with one bead; steel and inches, two beads; steel 54 to ^ 
inches, three beads; steel ^ to 54 inches, four beads; and steel 1 inch, six beads. 

44. All butt welds shall be reinforced by depositing additional metal on the weld 
to a height extending beyond the surface of the thinnest part joined. The height of said 
reinforcement shall not be less than the following percentages of the thickness of the 
thinnest part joined: — 20 per cent for single V and single bevel butt welds, and 1254 per 
cent, on each side, for double V and double bevel butt welds. 

Lap Joints 

45. Steel 54 inch in thickness shall have fillet welds laid with one bead ; steel to 
§4 inches, two beads; steel ^ to 54» three beads; and steel 1 inch, four beads. 

46. The contour of the ctoss-section of the fillet shall be as near as practicable to a 
triangle with equal sides, and with minimum side not less than the prescribed dimension 
of cross-section of fillet. The throat dimension shall be reinforced 20 per cent. 

Number of Beads 

47. The number of beads for butt and lap welds for different thicknesses of steel 
is shown in Fig. 1 . 


(VI) QUALIFICATIONS OF WELDERS 

48. See Report of Structural Steel Welding Committee of the American Bureau 
of Welding, dated September, 1931. 
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(VII) WORKMANSHIP 

Welding Qualifications 

49. Contractors for welding shall satisfy the Engineer that they can meet the 

qualification tests and furnish satisfactory materials and equipment to be used on the 
proposed work, ^ \ 

Welded Surfaces 

50. Surfaces to be welded shall be free from loose mfil scale, ru^, paint, or other 
foreign matter. A thin coat of linseed oil or equivalent, over the surfaces to be welded, 
need not be removed. This provision applies both in the case of new structures and 
where new steel is to be welded to steel in an existing structure. 

Assembling 

51. In assembling and during welding, the component parts of a built-up member 
shall be held by sufacient clamps or other adequate means to hold the parts in proper 
relation for welding. 

Quality of Welds 

52. The weld metal s hall be sound throughout and be free from excessive oiddes, 
slag inclusion and gas pockets. 

53. The weld metal shall penetrate into the root of the joint. See Fig. 2. 

54. The weld metal ^aH be thoroughly fused with the base metal akmg all surfaces 
and edges of union. Uniform fusion with base metals of unequal thicknesses shall be 
obtained by playing the arc or flame a proportionate longer time upon the thicker 
material. 




55. The surface of welds shall be reasonably smooth and uniform in contour. The 
depth of the crater at the terminus of weld shall not be less than ^ inch, 

56. The weld metal along the toe of the weld shall not overlap the base metal 
surface, but shall form an intimate contact therewith. See Fig. 3. 
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58. The arrangement of the joints to be welded shall be such as to enable the 
welder to have an unobstructed view of the surfaces to be welded during the welding 
operation. 

59. When tack welds are located in the path of designed welds, they shall, during 
the welding operation, be either melted out or fused in with the final weld. 

,60. Proper fusion, penetration and soundness of weld shall be secured by using as 
short an arc as can be maintained for each form of weld. 

61. In welding, unless otherwise specified, always use a neutral flame. 
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(VIII) PROTECTION OF STEEL 
Shop-painted Structures 

62. Structural steel parts shall not be painted before they are welded. On a struc- 
ture specified to receive shop paint, parts that are welded in the shop ^all receive the 
usual painting after the diop welding is finished. Parts to be field welded shall receive 
a coat of linseed oil after shop work is completed, and after erection and field welding, 
they shall receive the total number of coats specified for shop and field painting. Weld- 
ing will be permitted on parts which have been coated with linseed oil without removing 
the oil. 

Structures Not Painted in Shop 

63. For structures not specified to receive shop paint, the parts to be welded in 
shop or field shall be cleaned of loose mill scale, rust or other foreign matter. 

Encased in Concrete 

64. No paint shall be applied to steel surfaces which are to be encased in concrete. 

(IX) ERECrriON 

Temporary Supports 

65. For all welded structures over 30 feet in height, erection bolts or equivalent 
means shall be employed for temporarily supporting the members. 

Alinement 

66. Proper alinement of the various members shall be mrde before connections are 
welded. 

Safety of Welders 

67. Adequate platforms or scaffolding shall be provided to permit favorable weld- 
ing conditions and to insure the safety of the welders. 

68. The operator, while welding, shall be protected from the rays by suitable equip- 
ment provided for the purpose. 

(X) GAS CUTTING 

Ability of Contractor 

69. The contractor shall satisfy the Engineer as to his ability to produce satisfactory 
gas cuts. 

Requirements 

70. Gas cut edges shall be smooth and regular in contour. 

71. Gas cutting may be used in the preparation of base metal parts for welding, 
provided the edges so cut are thoroughly cleaned after cutting to expose clean steel. 

72. Gas cutting shall not be permitted as a substitute for milled surfaces. 

73. Gas cutting shall not be permitted on any member while it is carrying stress. 
This restriction shall not anolv to detail cutting for the correction of minor fabricating 
errors, where the remv,^. w* melted material resulting from such gas cutting would not 
reduce the required strength of the member if so cut. 

74. Gas cutting of holes in a member which has not been designed therefor, shall 
not be permitted. 

(XI) INSPECTION 

Object 

75. The object of inspection is to secure proper materials and workmansh^ in con- 
formity with the plans and spedfications. 
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Reference to Engineer 

16. The inspectors must exercise generally their judgment in the interpretation of 
the plans and specifications and requirements for first-class workmanship. Doubtful 
matters shall be referred to the Engineer for his decision. 

Qualifications of Welders 

77. The inspectors shall ascertain if the welders arc qualified to perform welding 
operations either in the form of a certified record of qualification tests issued by a reliable 
source or else by actually witnessing or supervising the performance of the prescribed 
qualification tests. 

Presence of Inspectors 

78. Satisfactory inspection of welding to secure first-class workmanship requires 
the presence of the inspectors in the shop and field during the actual welding operations. 
As far as possible, the inspectors shall observe the work of each welder sufficiently to 
satisfy themselves that the required standard of welding operation is maintained through- 
out the job. 

Standard Gages 

79. The gages standardized by the American Welding Society shall be used during 
inspection to determine if the proper amount of metal was deposited to make the size 
and length of weld specified. See Report of Structural Steel Welding Committee of the 
American Bureau of Welding, dated September, 1932. 

Supervision of Arc Welding Operation 

80. The inspectors should carefully observe the following: 

(a) Cleanliness of the parent metal. 

(b) Use of proper electrodes for welds specified. 

(c) Position and motion of the electrode. 

(d) The current used in welding is determined by the ammeter. This varies with 
the thickness of the material, size of the electrode, type of joint, and method of prepa- 
ration. 

(e) The arc voltage is determined by the voltmeter. This varies by the length 
of arc with a given current. A long arc causes improper fusion, lack of proper pene- 
tration, and a deposit of inferior oxidized metal. A long arc is easily recognized, not 
only by the higher voltage but also by the flame. A short arc throws a steady shower 
of small sparks, whereas, each of the explosions caused by a long arc scatters a consider- 
able number of larger globules of metal. The use of the short arc results in the familiar 
crackling, snapping effect. If the arc is too long, explosions occurring at intervals of 
one-half second or more will result. 

(f) The depth of penetration. This depends upon the length of the arc, amount 
of current and rate of travel. It may also be determined by the appearance of the arc 
cratet and appearance of the work. The depth of the arc crater shall not be less than 
^ inch. When welding base metal of unequal thicknesses, uniform penetration is se- 
cured by playing the arc on the thicker material for a proportionally longer time, 

(g) The quality of the Weld. In good work, there is an intimate contact between 
the plate and the deposit, the junction between the two metals forming a concave sur- 
face. Even, smooth welds with clean and smooth surfaces are criterions of good work- 
manship. In poor work, there is an appreciable overlap. Overlap is usually caused by 
a long arc, too low a current, or too great a speed of travel. Poor welds have irreerular 
pitted surfaces and are covered with a heavy coating of oxide. 
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Supervision of Gas Welding Operation 

81. The inspectors should carefully observe the following: 

(a) Cleanliness of the parent metal. 

(b) Use of proper welding rods for welds specified. 

(c) Condition of flame. 

. (d) Pre-heating of the parent metal. 

(e) Position and motion of welding rod and flame. 

(f) Depth of penetration into the root of the space provided for the weld, 

(g) Fusion of welding metal with parent metal. 

Random Tests 

82. In addition to the supervision of the actual welding, the inspectors ^hall verify 
the quality of the welding by random tests, such as chiseling the edges of the weld for 
penetration and fusion or by local remelting of the weld whereby holes, tunneling, im- 
proper fusion, insufficient penetration and other defects can be discovered. The proce- 
dure of inspection by remelting shall only be used if there is a doubt as to the quality 
of a particular weld or the work of an individual welder. Where remelting is used, care 
shall be used to rehabilitate the weld. 
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Appendix C 

(12) REPAINTING OF STEEL BRIDGES, WITH SPECIAL REFER- 
ENCE TO THE CONDITION REQUIRING REPAINTING AND 
ECONOMICAL METHOD OF DOING THE WORK 

H. B. Stuart, Chairman, Sub-Committee; J. E. Bernhardt, C. S. Heritage, H. S. 
Loeffler, G. A. Phillips, F. J. Pitcher, C. D. Purdon, H. N. Rodenbaugh, C. S. 
Sheldon, I. L. Simmons, S, M. Smith, G. G. Thomas, G. H. Trout, R. A. Van Ness, 
H. T. Welty. 

This Committee makes the following report and recommends that it be received as 
information: 

Repainting 

Conditions for repainting may be classified under the two following headings: 
“Desirable” and “Necessary”. 

Indications, when repainting is desirable, are: 

(a) Appearances of rust spots and blisters. 

(b) Curling up and chalking of the paint film. 

Repainting is necessary upon the following indications: 

(a) Large rusty areas with formation of rust scale. 

(b) General dikntegration of paint film. 

Deterioration of Paint Film 

The usual causes of deterioration of the paint film are: 

(a) Ordinary weathering, such as rain, fog, sleet and salt bearing atmosphere. 

(b) Direct sunlight on certain paint materials, such as asphalt. 

(c) Concentrated locomotive smoke gases, such as in the case of bridges over 
railroad tracks. 

(d) Gases from adjacent manufacturing plants. 

(e) Brine drippings. This is one of the most severe exposures a paint film has 
to withstand. 
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Economical Methods of Repainting 

(a) Cleaning. — Before repainting, the surface should be thoroughly cleaned. 
Where deterioration has reached an incipient stage, wire brushes^ steel scrapers and scaling 
hammers, which may be pneumatically operated, should be used. 

Where deterioration has reached an advanced stage, sand blasting is more effective 
and may be a more economical method. 

(b) Spot Painting. — ^Where deterioration is evidenced by small rust spots or paint 
blisters, but with most of the paint film intact and in good condition after cleaning, such 
spots should be coated with priming paint. In the event of the season’s program 
being extensive and sufficient force for complete repainting is not available, spot painting 
will usually protect the metal until the following season. Should complete repainting be 
deferred by spot painting, the surface should be again examined, and, if any rust spots 
have developed in the interval, these should be properly cleaned and primed before 
repainting. 

(c) Complete Repainting. — One coat of priming paint should be applied to rusted 
areas, after cleaning, and to all areas where the old paint film has been removed in 
cleaning. After priming, one or more coats of finish paint should be applied to the entire 
surface. Under ordinary atmospheric conditions, one coat will be sufficient. For more 
severe exposures, two or more coats should be used. Where two or more coats are 
applied, they should be of distinctive shades to make certain that the entire surface of 
the structure is uniformly covered. 

(d) Application. — ^Where the work is not extensive, generally speaking the most 
economical method of application is by hand. The paint should be well worked under 
the brush, and care taken to insure that all crevices and surfaces difficult to reach are 
covered. 

Where the areas are large and continuous, spray painting may be an economical 
method of application, and is of advantage in reaching otherwise inacc^ble surfaces. 
However, unless carefully carried out, spraying will involve cleaning of foreign surfaces, 
as well as the possibility of too heavy an application, resulting in sagging. 

(e) Weather Conditions. — Painting should never be done when the surfaces are 
wet or frosty, during wet or freezing weather or when rain is imminent. 

(f) Quality of Paint. — Only paints of good quality ^ould be used as these are 
more economical in the end. Paints pr^ared wdth the pigment ground in oil are 
preferable to hand mixed paints prepared from similar materials. Proprietary paints of 
reputable make are, as a rule, preferable to specification paints, and are obtainable at 
practically no greater cost. 

(g) Repainting by Company Force or Contract. — ^The data fumi.shed the Com- 
mittee as to the relative cost as between Company Forces and Contract work are not 
conclusive as to the more economical method, but it is felt that the repainting of large 
structures, or of a number of smaller ones within a restricted area, might be more 
advantageously done by contract, under close supervision. 

Conclusions 

1. It is better practice and more economical to do painting or complete re- 
painting during the incipient stages of corro^n, rather than defer such woii until 
corrosion has reached an advanced stage. 

2. It is important that the surfaces to be repainted be thoroughly dean and dry, 
and that the wither and atmo^lierie concMons be favorable. 

3. Only paints of good quality, thoroughly mixed, dmuld be used. 
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4. On small jobs, it is preferable to employ Company Forces. In the case of large 
projects, contract work, under close supervision, may be more economical. 

5. Paint gangs should be composed of men of experience, and be well equipped with 
all necessary apparatus. 

Appendix D 

(13) BRONZES FOR VARIOUS PURPOSES IN CONNECTION WITH 
IRON AND STEEL STRUCTURES 

G. H. Tinker, Chairman, Sub-Committee; R. P. Davis, Acting Chairman; G. A, Hag- 
gander, S. Hardesty, 0, E. Hovey, F. A. Howard, C, H. Mercer, 1. L. Simmons, 
H. C. Tammen, R. A, Van Ness. 

This Committee makes the following report and recommends that it be received as 
information. 

THE COEFFICIENT OF FRICTION OF BEARING METALS FOR BRIDGE SEATS 

By R. P. Davis and G. P. Boomsliter 
West Virginia University — 1932 

Object of Investigation 

The object of this investigation was to determine the coefficient of friction between 
various combinations of bronzes and steels. The West Virginia State Road Commission 
uses for expansion bearings in concrete girder bridges, cast phosphor bronze plates, meet- 
ing the specifications of the American Society for Testing Materials, designated as B22-21. 
Class B grade is used, the chemical requirements being as follows: Tin, not over 17 per 
cent, phosphorus, not over 1 per cent, other elements (except copper) not over 0.5 per 
cent, and the remainder copper. The compression strength requirements are as follows: 
Minimum deformation limit 18,000 lb, per sq. in., and a permanent set in 1 inch under 
100,000 lb. per sq. in. between 0.10 and 0.20 inch. 

In recent years many new alloys have been placed on the market, most of which 
are in the form of rolled bronzes. The tests given in this report were made by the 
Engineering Experiment Station of West Virginia University to determine the friction 
coefficients of some of these alloys as compared with those meeting the A.S.T.M. specifi- 
cations. It was also desired to determine the coefficients of these various bronzes. on 
rolled and cast steels. 

Acknowledgments 

The following companies furnished specimens for these tests: American Manganese 
Bronze Company, American Brass Company, Egyptian Iron Works, Fairmont Mining 
Machinery Company, and the Riverside Metal Company, The apparatus for making 
the tests was designed by Professor G. W. Grow, of the Department of Machine Design 
and Construction, and built in the University shops. The 5 0-ton hydraulic jack used in 
developing the lateral force was loaned by the State Road Commission. 

Materials Tested 

Table No. 1 gives a list of the materials tested and the names of the companies fur- 
nishing the same. Table No. 2 gives the chemical composition of the different bronzes, 
thdr strength properties, Brinell hardness numbers and specific gravities. These figures 
w^re in some cases furnished by the manufacturers, and in other cases were determined 
from coupons sent with the specimens. 

The roHed steel was taken from local stock and was of structural grade. The cast 
steel was ordered to meet the specifications of the American Society for Testing Mate- 
rials, designated as A27-24, Class B, medium. 




TABLE 10. 2 . roOPBtllES OF raLtRUG lilTiiLS 
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Method of Testing 

The apparatus used in carrying out these experiments is shown in Fig. 1. The 
blocks “BB” were centered between the heads of the 400,000 lb. Olsen Universal Testing 
Machine. One of the friction plates “a” was placed on the lower block “B”, the other 
on the bottom of the upper block “B”, while a third friction plate “b” was placed be- 
tween the other two. The plates “a” rested against projecting shoulders of the blocks 
“B”. P indicates a normal load from the testing machine which was distributed over 
approximately 9 sq. in. of test specimen area. In most cases the plates “a” were % in. 
thick and the plate “b” was 1 in. thick. 



Fig. 1. — Sketch of Apparatus for Friction Tests on 
Bearing Metals. 


The horizontal force Q was produced by a 50-ton hydraulic jack, placed hori- 
zontally. The base of this hydraulic jack, as well as the back face of the blocks “B”, 
took bearing against 4-in. square steel bars. Two 2-inch round threaded rods passed 
through the ends of these bars to form the yoke “Y”. The push was transmitted from 
the head of the jack to the plate “b’* by means of the head “H", The horizontal pres- 
sure was read by means of a gage “G” which was previously calibrated in the testing 
machine. Two gages were used; a high pressure gage for pressures above 2500 lb. per 
sq. in. and a low pressure gage for pressures of 2500 lb. per sq. in. and less. 

Friction values were determined for normal pressures of from 500 to 2500 lb. per 
sq. in. in 500 lb. increments, and for normal pressures of from 5000 to 20,000 lb. per 
sq. in. in 5000 lb. increments. In running a test the normal load was first applied and 
then the pump on the jack was operated until slipping occurred, when the gage reading 
was observed and recorded. Readings at the higher pressures were not quite as accurate 
as those at the lower ranges because of leakage in the jack. 

Tests were first made on five bronzes, one cast steel and one rolled steel. These 
tests indicated that the coefficient of friction was practically independent of the normal 
pressure. For this reason, in the later tests pressures up to 3000 lb. per sq. in. only, 
were used, thereby giving six friction observations for each run, as compared with liihe 
observations for the first runs. A total of 113 combinations of metals were tested. 

In most cases friction readings were taken with increasing loads, check readings 
being taken as the loading was reduced. In case of serious discrepancy between the two 
sets of readings, the work was repeated. 

Results of Tests 

Plates 1 to 5 inclusive, give typical curves showing the relation between the eo-- 
effidait of friction and the normal intensity of pressure. Although this coefficient varies 
quite markedly in some cases, it seems to be independent of the intensity of pressure. 

On Plate 6 there is diown graphically all test results. For each test there is given 
the av^ge coefficient^ for all loads, the minimum and maximum values. The results are 
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given in the order of ascending average results. Where the average values are the same 
the plotting has been in the order of the ascending minimum values. 

On Plates 7 to 14 inclusive, are given the same results as on Plate 6, but arranged 
differently. Here the results of each material sliding on all other materials are grouped 
together. 

On Plate IS is given the averages of aU tests for each class of material. The values 
given as maximum were found by averaging all maxima of the material in question when 
sliding on all other materials with which it was tested, as shown in Plates 7 to 14, inclu- 
sive. The values noted as average and minimum were found in a similar manner. 

Effect of Plane Marks 

The only specimens with planed surfaces were (1), (la), (17) and (18). The first 
two are bronzes and the second two cast steel. Specimens (1) and (17) were so planed 
that the push was parallel to the direction of planing, while specimens (la) and (18) 
had the push at right angles to the planing marks. The planing of both bronze and 
steel was fine. 

In general the planed bronze surfaces showed up very well, as wiU be seen on 
Plate IS, where (la) gave the lowest average coefficient of all the tests, namely, 0.13, 
while (1) showed an average value of 0.138. Very little difference is seen whether the 
grain is parallel to the direction of push or perpendicular to it; or whether the pieces are 
so placed that the grain of one is perpendicular to the grain of the other. 

Effect of Ground Surfaces on Rolled Steel 

It will be noted that rolled steel behaves much better when the surface is ground 
smooth than when used as rolled, probably due to the effect of removing the mill scale. 

Coefficients of Friction by Means of Inclined Planes 

Certain selected tests were made to determine the coefficient of friction by the use 
of inclined planes. One end of a board was hinged to a table and a short cleat nailed 
transversely across it. One plate was placed against the cleat and another laid upon it. 
A measured horizontal distance was laid off on the table from the hinged end of the 
board, and at this point a vertical scale was placed. The free end of the board was then 
slowly lifted until the upper plate riipped on the lower one and then the vertical scale 
was read. This vertical distance divided by the horizontal distance gives the coefficient 
of friction. The results, each of which is the average of three or more observations, 
are given in Table No. 3. It will be noted that these coefficients are higher than those 
obtained by the other method and also that they range between wider limits. 

Conclusions 

(1) The coefficient of friction is independent of the normal pressure. 

(2) The range in coefficients expressed in terms of the average of pressure inten- 
sities varying from 500 to 20,000 lb. per sq. in., is from about 0.10 to 0.245, 85 per cent 
of the values being within the limits of 0.12 and 0.165. 

(3) Machined surfaces give as low coefficients as rolled planished surfaces. 

(4) Grinding the surface of rolled steel plates when mill scale is present, materially 
reduces the coefficient of friction. 

(5) The average coefficient of bronze on steel was 0.146, which is also the value 
of the average of all tests. The general average of sted on steel was 0.181. 

(6) The coefficient of friction as determined by the use of indined planes is mate- 
rially higher than found by the pressure method. 
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J. C. Irwin, Chairman; 
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R. C. Bard WELL, 

E. H. Barnhart, 

F. L. C. Bond, 
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W. J. Burton, 

A. P. Crosley, 

Robert H. Ford, 


Louis Yager, Yice- 
P. M. Gault, 

’♦'E. A. Hadley, 

C. C. Haire, 

C. R. Harding, 
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Earl Stlmson, 

J. E. Teal, 
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W. M. Vandersluis, 

A. R. Wh^on, 

Committee. 


* Died, November 11, 1932. 


To the American Railway Engineering Association: 

Your Committee respectfully presents its report on the folio wmg assignments: 

1. Encourage the use of AJR.E.A. recommended practices and consider subjects for 
recommendation to the Board of Direction for sponsoring as projects for National 
Standardization. 

2. Maintain contact with Standardization bodies and keqp the Association informed 
on important matters developed by such contact. 

In regard to the extension of the use of A.R£A. Recommended Practices, this 
Committee directs attention to its report of last year, Vol. 33 of the Proceedings, pages 
149 and ISO, in which it refers to the value of the material in the Manual, which has 
been developed by the combination of the time and skill of many men most experienced 
in the various subjects. 

The Recommended Practices should establish themselves through their intrinsic 
merit, but if members of the Association neglect to use them, it sometimes may be due 
to their lack of realization of the value of uniformity in general practice. As has been 
pointed out in previous reports of this Committee, uniformity is of the greatest impor- 
tance in matters which involve relations between railways and other interests and between 
two or more railways, they, in turn having similar relations with other railways. (See 
Vol. 32 of Proceedings, page 113, on the relative importance of uniform practices). 

This Committee has not issued questionnaires to determine the extent of the use of 
the Manual, because it is doubtful whether such questionnaires are helpful in extoiding 
its use. Moreover they would be expensive and, if distributed widely enough to secure 
information with reference to the extent of use of the Recommended Practices of all 
committees, the returns would be so voluminous that it would be impracticable to pub- 
lish them. They would consist of information only, which probably would not lead to 
any greater use of the Manual. In the past, when comprehensive questionnaires have 
been sent out, a customary reply has been that the Manual is always referred to and its 
Recommended Practices used in part. This constitutes use of the Manual but it may 
not be the maximum desirable. 

An indication of the recognition given the work of the A.R.EA. by interests outside 
of its membership is the fact that the National Directory of Specifications for 1932 issued 
by the Bureau of Standards, U.S. Department of Commerce, contains one hundred and 
forty-eight references to A,R.E.A. Recommended Practices. 

About nineteen hundred copies of the 1929 Manual have been distributed* 

Bulletin 351, November, 1932. 
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Members of the Association are here requested to give to the chairmen of com- 
mittees their views as to the importance of uniform practice in any matters which, in 
their opinion, are likely to cause trouble or expense if practices vary on different rail- 
ways. The chairmen of committees can bring up such matters for consideration by this 
Committee, with a view to further action toward the securing of the general acceptance 
of the Recommended Practice concerned. Subjects deserving special attention are those 
in which uniform practice will effect material economy and those in which uniform 
practice will avoid disturbances in the relations between the railways and shippers, man- 
ufacturers of supplies, contractors and the public. 

Members of the Association can also aid in the extension of uniform practice by 
seeing that the various departments of their railway other than Construction and Main- 
tenance are impressed with the value of the Manual and, if possible, see that they are 
supplied with it or at least refer to it in connection with all matters on which this 
Association has taken action and has approved for the Manual. On some railways, all 
departments make use of the Manual in cases where it applies, on others it is thought 
to be useful only to the Engineering Department, often through lack of knowledge of 
what is in it and the caretaking processes through which it has been developed. The 
extent of its use depends largely on the training of general officers, the course through 
which they have risen to their executive positions and their willingness to keep informed 
as to what others are doing and profit by it. The difference in the organization of 
railways, especially in the relation between operation and maintenance and construction 
is likely to affect the attitude of the officers toward the work of the A.R.E.A. 

In the use of Recommended Practices for materials, the Purchases and Stores De- 
partment is most deeply interested. In matters concerning Standardization and Simpli- 
fication it is important that close co-operation be maintained between the work of 
Division VI — ^Purchases and Stores, A.R.A., and the A.R.E.A., functioning also as Divi- 
sion IV — Engineering, Construction and Maintenance Section. 

It may not be generally known that the forms of agreement prepared by Com- 
mittee XX — Uniform General Contract Forms, and approved by the Association, have 
had the benefit of legal advice from many quarters during their development and that 
the forms used in relations between the railways and shippers have been developed with 
the collaboration of the American Railway Development Association representing the 
industrial departments and also, to a considerable extent, with committees representing 
large shippers. This is just one example of the thoroughness of the procedure of the 
committees of the A.R.E.A,, which no one railway could duplicate by itself. 

If, in the experience of any member of the Association, a situation develops which 
indicates that, in order to secure more general use of a Recommended Practice, it should 
be revised, the member should call the situation to the attention of the chairman of the 
committee concerned ^o that the points involved may be considered in connection with 
revision of the Manual. 

AMERICAN STANDARDS ASSOCIATION (ASA) 

For the benefit of members of the Association who have not come in direct contact 
with the American Standards Association, the following outline of its organization and 
purposes is quoted from the Standards Year Book of the U.S. Department of Commerce 
for 1932. 

^ “The American Standards Association (ASA) is the recognized medium through 
which American industry functions in setting up for itself nationally acceptable 
standards. In essence it is a federation of 45 national technical societies, trade asso- 



S t a n d a r d i 2 a t i o n 


311 


ciations, and Federal Government departments, and it brings together all those 
directly concerned with a project, to study a problem, to formulate a workable 
and acceptable standard, and submit it for approval to an authorized committee, 
so that when this committee (made up of individuals officially appointed by the 
organizations concerned with the subject) has given its approval, there is assurance 
that the standard represents a real national opinion and may be considered an 
‘American Standard’ in the broadest sense. 

“At present more than 2,500 officially accredited representatives from every 
branch of industry, representing approximately 600 national organizations, are par- 
ticipating actively in the association’s work. In December, 1930, the United States 
Government Printing Office became one of the member bodies of the ASA. 

“The administration of ASA affairs is vested in a board of directors of nation- 
ally known industrial executives. The final approval of standards rests with the 
Standards^ Council, which is made up of representatives of all 45 member bodies, 
aU of which are organizations or groups of organizations having an impHDrtant in- 
terest in standardization. The council, therefore, acts as a court of review in which 
the work of technical committees is either accepted or rejected with reasons. The 
approval of a standard by the ASA means that everyone concerned has had an 
opportunity to participate in the work, that the work has been carried out under 
a procedure that has been regular, open, and above-board, and that the standard 
represents a real national agreement on what is best in American engineering and 
industrial practice at the time of approval. 

“The association’s offices are at 29 West Thirty-ninth Street, New York, N. Y. 
Dr. P. G. Agnew is the Secretary, and a technical staff, including engineers who 
have had practical experience, assists in carrying on the work. The actual setting 
up of standards is done by technical committees representing the producing, dis- 
tributing and consuming groups concerned with the projects. It is a basic require- 
ment of ASA procedure that no standards diall be approved unless all important 
interests have been represented in developing them, thus avoiding the domination 
of any one interest except when the consent of other groups has been granted. 

“The productive, initiating power of the ASA Ses hrgely in the work of the 
technical committees, and a brief review of the procedure which must be followed 
will indicate why their recommendations may be rightfully considered as a real 
national agreement. Any responsible group may request the initiation of a stand- 
ardization project. The request is usually accompanied by a statement setting forth 
the desirability of the particular project and the benefits that would accrue from 
national approval of a standard on the subject. The ASA then calfe a general con- 
ference of all interests concerned with the subject in hand to decide whether or not 
the work shall be launched and what method is to be followed. In the majority 
of cases a ‘sectional committee’ is charged with the task of naaking a study and 
presenting a final recommendation on the subject. Sometimes the committee may 
set about its work autonomously, or it may function under the support and gxiidance 
of one or more of the organizations chiefly concerned (officially called the ‘sponsor’) . 
Any organization having an interest in the project has a right to appoint repre- 
sentatives on the committee, and it is one of the important functions of the ASA 
to see that all groups having an interest in a project are invited to appoint repre- 
sentatives on the technical committee. It is not unusual for conflicting interests to 
clarify their differences in committee discussions and to arrive at a practical com- 
promise in making progress possible. Before a project developed by a committee 
can become an approved American Standard, the great preponderance of committee 
opinion must first be favorable. 

“In addition to the sectional committee method, which is most commonly fol- 
lowed, the association procedure includes three other methods: Existing standard 
method, proprietary method, and general acceptance method. Under the first of 
these three, provision is made for the approval of existing standards when it has 
been shown by proper exhibits of the submitting body that the standard represents 
a true consensus of competent industrial opinion with respect to its suitabOxty for 
national adoption. Proprietary standards, or standards developed and sponsored by 
a body havii^ an outstanding and controlling interest and importance in the field 
of the standard, may be approved by the ASA when it is shown that the standard 
has the unanimous agreement of those who are concerned with its development and 
use. The general acceptance method is especffily applicable in simple cases not 
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requiring protracted technical consideration. The procedure which applies here re- 
quires that a conference be called of those primarily concerned — ^producers, con- 
sumers, and other competent interests — and if the decision of the conference is 
authenticated and supported by a sufficiently large number of written acceptances 
of the conference’s recommendation from those who are concerned with the scope 
and provisions of the recommendation, then this is considered sufficient for approval 
as an American Standard. 

“Nationally acceptable standards have been prepared under the auspices of the 
ASA in practically every major field of industrial activity or are now under way. 
In addition to providing a suitable medium for the establishment of nationally 
acceptable standards, the ASA serves as a clearing house for information on standard- 
ization work both in the United States and abroad. It also acts as the authoritative 
channel in international cooperation in standardization activities.” 

The Chairman of this Committee is the Representative of Division IV — ^Engineering, 
A.RA., on the Standards Council of the ASA and, in this capacity maintains contact 
between the ASA and the Construction and Maintenance Section (A.R.E.A.), the Elec- 
trical Section and the Signal Section of the A.R.A. 

Sidney Withington, member and former Chairman of Committee XVIII — Electricity, 
and Representative of the New York, New Haven and Hartford Railroad in the Elec- 
trical Section, A.R.A., is the Representative of the A.R.A. on the Electrical Standards 
Committee (E.S.C.) of the ASA, which serves as a central standardizing committee in 
the field of the electrical industry. Its recommendations are acted upon by the Standards 
Council of the ASA before adoption as American Standards. 

Mr. Withington is also a member of the United States National Committee of the 
International Electrotechnical Commission. 

C. R. Harte, member A.R.E.A., is Chairman of the Electrical Standards Committee 
though not as a designated representative of the A.R.A. 

Meeting of this Committee with Representatives of the American Standards 
Association 

Last year this Committee reported on its meeting with representatives of the 
National Bureau of Standards and the Federal Specifications Board in Washington, D, C. 
This year, in order to further extend its contacts with national standardizing bodies, it 
held a meeting at the rooms of the American Society of Civil Engineers, New York City, 
May 20th, 1932, with a program including addresses by members of the staff of the 
American Standards Association and by a representative of the American Institute of 
Weights and Measures. H. J. Forster, Secretary of the A.R.A., made a statement on 
the progress of the adoption of A.R.A, Recommended Standards for Railroad Highway 
Grade Crossing Protection. 

This meeting was attended by President J, V. Neubert, H. J. Forster, twenty mem- 
bers of this Committee or their representatives and six members of the staff of the ASA; 
twenty-eight in all. 

Members of the ASA staff spoke on its activities as follows: 

Dr. P. G. Agnew, Secretary — Organization and working methods of the ASA, its 
relations with Member Bodies and other standardizing organizations. 

John Gaillard, Mechanical Engineer— Tolerances, methods of gaging and methods 
of showing tolerances on drawings. 

Cyril Ainsworth, Assistant Secretary — Safety Codes. 

H. M. Lawrence, Mining Engineer — ^Mining standards and material specifications. 

L. D. Burlingame, of the Brown and Sharpe Manufacturing Company, representing 
the American Institute of Weights and Measures, spoke of the status of the English and 
metric systems of weights and measures and laid emphasis on the general use of the 
English system in American industry. 
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At this meeting, this Committee considered several subjects which had been pro- 
posed as projects for which national standardization is desirable. 

It was agreed that the status of subjects as outlined in a following section of this 
report should be investigated and suitable steps taken to advance them toward national 
standardization, or, where projects already are under way, to indicate to the organizations 
or committees which have them in charge, the interest of this Committee in their 
advancement to American Standards. 


A.R.A. Representation in A.S.A. 

The representation of the A.RA. on the Board of Directors and on the Standards 
Council of the ASA remains the same as reported last year. 

The list of ASA projects showing the Sectional Committee members from the A.RA., 
printed in full last year in Vol. 32 of the Proceedings, remains the same except for the 
projects. Including new ones, for which the complete revised A.RA. personnel is listed 
below. 



Project 

A.R.A. Div, or Sec. Represented 
A.R.EA. (Const. & liaint. Sec.) 
Committee Contact 

Members representing 
RaUieay Associatiojts 

B1 

Screw Threads, Stand- 
ardization and Unifi- 
cation of 

IV Eng, — Com. V — Track 
— Sig. Sec. 

V Mech. 

J. V. Neubert 

H. G. Morgan 

H. E. Smith 

W. I. Cantley 

F. M. Waring 

Alt.— S. S. Riegal 

B3 

Ball and Roller Bearings 

V Mech. 

W. I. Cantley 

F. M. Waring 

Alt. — ^S. S. Riegal 

B4 

Cylindrical Parts and 
Metal Gages, Allow- 
ances and Tolerances 
for 

V Mech. 

W. I. Cantley 

Alt.— S. S. Riegal 

B18 

Bolt, Nut and Rivet 
Proportions 

AJI.A. — ^Rail Com. 

IV Eng. — Com, V — ^Track 

Lem Adan3s 

J. V. Neubert 

Ah^J. B. Myers 


— Com. XV — Iron and Steel 
Structures 

V Mech. 


P. G. Lang, Jr. 
Alt.— O. E. Selby 
J. McMullen, 

C. B. Smith 


B27 

Plain and Lock Washers 
letter P eliminated — 
no change in per- 
sonnel 

B32P 

Wire and Sheet Metal 
Gages 

C8 

Wires and Cables, Insu- 
lated (Other than 
Telephone and Tele- 
graph) , Specifications 
for 

C16 

Radio 

C29 

Insulators for Electric 
Power Lines — Letter 
P eliminated 

C3SP 

Railway Motors 

C37P 

Power Switchgear 


C44 — 1931 Rolled Threads for Screw 
Shells of Electric 
Sockets for Lamp 
Bases, Specifications 
for. Year added to 
designation of Proj- 
ect — no change in 
personnel 


TV Eng. — Sig. Sec. 

I Oper.— T. & T. Sec. 
TV Eng. — ^Elec- Sec. 


I Oper.— T. & T. Sec. 

IV Eng,— Sig. Sec. 

— ^Elec. Sec. 

I Oper. — ^T. & T. Sec. 

IV Eng. — Com. XVIII — Electricity 

— Elec. Sec. 

IV Ei^. — Elec. Sec. 


H. G. Morgan 
R. F. Finley 
C. B. Martin 


A. R. Belmcmt 
G. W. Chappell 

G. T. Wrkht 
R. F. Finley 

H. A. Currie 
Alt.— J, V. B. Duer 
T. E. Sharpley 

Alt. — Sidney Withington 
J. S, Hagan 
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E8— 1926; 
Ell— 1926 

Div. or Sec. Represented 
AJR.E.A. (Const. & Maint. Sec.) 
A.S.A. Project Committee Contact 

E9— 1926; ElO— 1929 

Designs for Girder Rails 
completed, Sec. Com- 
mittees discharged 

Members representing 
Railway Associations 

M26P 

Clean Bituminous Coal, VI Pur. &■ Stores 

Specifications for 

C. E. Smith 

ZIO 

Scientific and Engineer- IV Eng. — Sig, Sec. 

ing Symbols and Ab- — Const. & Maint. Sec. 

breviations I Oper. — T. & T. Sec. 

E. K. Post 

Alt.— T. V. B. Duer 

A. H. Johnson 

Z23 

Sieves for Testing Pur- IV Eng. — Com. VIII — Masonry 
poses 

Meyer Hirschthal 


Inch-Millimeter Conversion for Industrial Use (A.S.A. B48) 

At a general conference held in New York City, October 21st, 1932, under the 
auspices of the ASA, attended by representatives of manufacturers’ association, the U.S. 
^Bureau of Standards, U.S. Navy Department, engineering societies and other standard- 
izing agencies, it was unanimously agreed to recommend the adoption of the value 25.4 
as the American Standard inch-millimeter ratio for industrial use. 

This conference had been arranged as a result of the Ford Motor Company having 
requested the ASA, in March 1932, to make arrangements for having industry in this 
country consider the adoption of an American Standard specifying the use of the value 
25. 4 as the conversion factor between inch and millimeter values for industrial use. 

In 1926 the adoption of this conversion factor was recommended by an international 
conference held in New York in which representatives of eighteen national standardizing 
bodies, including the British, took part. However, at that time there had been no 
request from American industry to take action on the matter and it was not brought 
up as an ASA project until this year. 

As a result of the recent conference, conversion tables will be prepared under the 
auspices of the ASA with a view to their adoption as American Standard under ASA 
procedure. They are required especially by American industries dealing with countries 
using the metric system. 

The American Standards Association has always maintained a strictly neutral atti- 
tude in regard to the English and the metric systems of weights and measures. Standards 
submitted for ASA approval may have dimensions either in inches or millimeters. How- 
ever, an overwhelming majority of American Standards are expressed in English units. 
The ball bearing standard was first worked out in millimeters and is accepted on the 
metric basis as an international standard. Some standards involving scientific measure- 
ments also are on the metric basis. In some standards the values are given in both the 
English and metric units. 

The American Railway Association is opposed to the mandatory adoption of the 
Metric System in this country. It has a Joint Committee on the Metric System held in 
readiness for any conferences on the subject. W. D. Faucette, Chairman of this Joint 
Committee, represents the A.R.A, on the Council of the American Institute of Weights 
and Measures. r 

USE AND CITATION OF AMERICAN STANDARDS (ASA) 

This Committee desires to direct attention to the importance of the use of ASA 
Standards and reference to them in reports and Recommended Practices in place of 
similar standards of any Member Body of the ASA which may have been used or referred 
to before the standard had been adopted as American Standard under ASA procedure. , 

The American Railway Association is one of the forty-five industrial, technical and 
Federal organizations or departments working together as Member Bodies of the ASA"' 
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for the study of projects for national standardization, the adoption as American Standards 
of such standards of Member Bodies as may be found suitable and, throu^ the work 
of sectional committees, the preparation of new standards which will be of value to 
American industry where no suitable standards exist. Numerous other Member Bodies 
have created standards which have been generally accepted prior to the adoption of such 
standards by the ASA. Conspicuous among these are the American Society for Testing 
Materials (A.S.T.M.), the Society of Automotive Engineers (S.A.E.), the U.S. Bureau 
of Standards, the Federal Specifications Board and other government departments. 

Organizations having a standard which app)ears to be suitable for adoption as 
American Standard present it for consideration in the ASA and act as its ^>onsor. A 
standard which has been adopted by the ASA has the highest status that any standard 
can have in American industry. 

The American Railway Association is still appropriating 5,000 a year in aid of 
this work in the ASA and, besides having a member on the Board of Directors and three 
Representatives and five Alternates on the Standards Council of the ASA, it has 77 men 
assigned to 102 memberships on 50 Sectional Committees working on ASA projects, 
appointed from Divisions or Sections of the A.R.A. who are especially well qualified to 
handle their respective subjects and exert their influence in the committee-work which 
leads to standards. 

With this recognition by the A.RA. of the work of the ASA the importance of the 
use of the results of this work is apparent. Reference to ASA Standards apples to the 
Revision of the Manual as well as to new work of committees. 

The ASA publishes, semi-annually, a list of adopted Standards lowing pdces at 
which they can be secured. Arrangements have been made for each Committee of the 
AJR.E.A. to have one free copy of any American Standard required in its committee- 
work, except in cases where a standard is still published by a Member Body whidi orig- 
inated it and a charge is made to the ASA for it. In connection with nciechanical dimen- 
sions, there is a Tentative American Standard for ^‘Tolerances, Allowances and Gages for 
Metal Fits”, ASA B4a — 1925, a pamphlet of twenty-four p^ges which sells for 50 cents. 

Price lists of American Standards may be secured from the American ^ndards 
Association, 29 West 39th Street, New York, N. Y. As the ASA has been in operation 
only a few years, it has made only a fair beginning. However, it has adopted 227 
standards and now has about 400 projects under investigation. Its Year Book and 
bulletins are furnished to the chairmen of all AJR.EA. committees. 

SUBJECTS RECOMMENDED FOR NATIONAL STANDARDIZATION 

As a result of inquiry in r^ard to subjects most desirable to advance to natkmal 
standardization, special investigation has been made by thfe Committee of status of 
the following subjects: 

Sp>edfications for Creosote for Wood Preservation. 

Specifications for Trolley Wire and Messenger Wire. 

Wire and ^eet Metal G^es. 

Grading Rules aiKi Dim^ooi^ of Lumber. 

The situation on these subjects was found to 1^ as foBows: 

Specifications for Creosote for Wood Preservation 

Research work leading to standardization and m^ho<fe of test has hem in pupogress 
through a joint committee of the AJRJEA.* Amertai Society for Ttes&g Materkfe 
and the American Wood Preservers’ Assocmtion. 
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At the meeting of Committee XVII— Wood Preservation, October ISth, 1932, Chair- 
imn F. C. Sbepberd, who b also a member of the A.WJPA., brought up, for conadera- 
tion, the que^n of the advancement of Specifications for Creosote as an ASA project. 
It was agreed that the work of the Joint Committee of the AJI.EA., A.S.TM. and 
AW.PA ^miild first be completed. After this shall have been done, one or more of 
can act as ^>onsor for the project for recommendation to the ASA 
for Option as American Standard. If the A.R.EA. should sponsor the project, the 
prcHiedure would fir^ have to be approved by its Board of Direction. 

Trolley Wire and Messenger Wire 

Specificatk>i^ for trolley wire have been developed by a joint committee repre- 
the AJIA., A.E.RA. (A.TA.), and A.S.TJVI. The specifications cover two 
types, one bek^ for Rouiid and Grooved Hard Drawn Copper Trolley Wire and the 
other for Round and Grooved Bronze Trolley Wire. They have been approved by the 
A5.TM. and by the A JR A. —Electrical Section, and will be sponsored as an A.S.A. 
pm^ fay one or both of these organizations. 

^)edficatioiB for messenger wire and other items of overhead trolley line material 
kvoke varied manufacturing interests according to their character and will be handled 
sqjaratefy. No report on their status can be made at this time. 

The ASA Year Book lists Project C43 — Overhead Trolley Line Material, Standards 
for (Stanidardizatk>n propc^ed) but it is reported by the ASA that the organization for 
this wort has never been set up. 

His Committee wiB indicate its interest in seeing that progress be made on these 
sohjeets. 

Wire and ^eet Metal Gages 

The ASA te a pro)^ under way fisted as B32P— Wire and Sheet Metal Gages, this 
being sponsored by the American Society of Mechanical Engineers (A.S.M.E.) and the 
Society of Autotnotive Ei^ineers (SAE.). The AJRA. has two members on the Sec- 
tkml CommMee; H. G. Morgan, representing Diviaon IV— Engineering, Signal Section, 

R. F. FMey, representing Div^on I — Operating, Telegraph and Telephone Section. 

The scope of thfe project covers the standardization of a method of designating the 
efiameter of n^ta! aiKi metal alloy wire, the thickness of metals and metal alloys in 
1^^ aiKi strip form and wall thickness of tubing, piping and casing made of these 
matemis; and the ^tabiishment of a standard series, or standard series, of nominal 
sizes and of tofeances for wires, dieets and strips. 

fi m reported by the ASA that there 1ms been no recent activity on the part of the 
SectM^rf on thfe project. It is understood that the committee will start by 

workmg cm ctes%natlon of wire diameters and sheet metal thicknesses in decimal 

fracfkms of an meb os a preliminary step toward the establidiment of a simplified 
^aMlard of wire dSan^ers and sheet thickne^es with corre^mnding tolerances in 
place of the present confusing rituation with gage numbers irtpjtTiitvg different things, 
resulting from tte pmctkxs that Imve grown up from the use of several different systems 
of Even tboi^h siKb standardization may be difficult of accomplishment and may 

mvE^e mritos and the overcoming of indvidual prejudices built up on practices of 
iMg s tanding , is apfmrent that, eventual^, it must be accomplished for the 
good- Tl^ C>o®nEQiltee Ims taken st^>s to indicate its view that American Standarefe for 
wire and metal gages ^ouM be adopted and it will urge that progress be made 
nm' tl^ project. 
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Grading Rules and Dimensions o£ Lnmber 

The ASA has no project under way covering thfe subject. 

This Committee has under investigation, throng its own members, and through 
other members of the Association in contact with Imnber committees, tl^ statm of the 
various phases of the subject being handed by natioiml lumb^ ^aiKiardidng organiza- 
tions and by groups interested in a g>edfic kind of himber or a geograi^^ terrhory, 
with the purpose of showing its intere^ in progress toward natioiial ^ndardizatkm hi 
various lines. Consumers are familiar with the confusion ariring from diverse practices. 
Their interests must eventually be served by national standardizatmn and the aj^^kation 
of the principles of simplified practice. 

Substantial progress has been made by co-operation of varkuB assodatioiB of pro- 
ducers and consumers, and the AR.EA., through Committee Vn — ^Wooden Bridges azKi 
Trestles, has had an important part in this work. The results are printed in the Manual. 
A current assignment of that Committee covers *^SimpKfication of gradh^ rules and 
dassification of timber for railway uses”. 

The Central Committee on Lumber ^andarck with headqiarters in Wasinngton, 
D. C., consi^ of eleven representatives of lumber manufactiira:s, whoksalars, r^aiiers 
and (xmsumers. Associated with k are the CorBuMing Committee m Lumb^ Stan^trds 
and the Hardwood Consulting Committee. In cooperation wkh the U5. D^jartments 
of Agriculture and Commerce, this Committee makes recommendatkms for the sami^fi- 
cation of sizes, grades, nomenclature and trade practkes m the himber mdiBtry. The 
Committee’s findh^ are publisi^ as “Am^rkan lumbar ^andards” by ti® Divi^oii of 
SimpKfied Practice, U.S. Bureau of Standarck. 

Attention is directed to articks whidi appeared in Commerckl ^andartk Moikhly 
(U.S. Bureau of Standards) duimg thk year as foiows: AP^ 1^52 — Grade Marked 
Lumber Activities Raiewed by Lumbermen — ^Annual Meethig of Noith^ste® Retai 
Lumbem^’s Association ; May 1932 — Significance of Grade Markmg of Lim^jer m Bos- 
ton — City of Boston Building Code revised to require grack majte^ of ai ted>er; 
July 1932, page 9 — ^Lumbomen of Canada and New HampsMre adopt Gra^ Markhig 
of Lumber, and pa^ 17, New Gradii^ Rrks adcptai by Hardwood — pE^)ier 

defivored by L. S. Beale at meeth^ of Natkeal Assocmtmn of Purchash^ Age^s. 

The progre^ made hy these assoc^k^ smd commktees fs recogmkei^ b^ m orekr 
to bold the gains already made and cover the activkies of mmt mckpes^knt grt^B, k 
a{^)ears that pro<»dure under the oigamkatkm of the AS^ k most deskabk. T^ Coin- 
mlttee wil contmue its invest%afi(MB. 


STATUS OF ARA. RECOMMENDED STANDARDS FOR RAILROAD HIGOTAY 
GRADE CROSSING PROTECTKN 
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and to coordinate the activities of the railroads in conforming to the princ^les adopted, 
and to provide a medium by which public authorities can be acquainted with the most 
modem thought of the railroads in these matters”. 

Frank Ringer, former Director and Chairman of Committee IX Grade Crossings, 
h rhairtn^in of tMs Joint Committee on Grade Crossing Protection, A.RA. He author- 
uces the folkiwing statement from that committee, on progress in securing adoption of 
uniform methods of protection: 

‘"The Joint Committee on Grade Crossing Protection is in contact, through in- 
dividiial ^ort of its members, with the Railroad and Highway Commissions of the 
various states, as well as national organizations interested in the problem. Invita- 
tion has been accepted for the full committee to attend the annual convention of the 
National A^ociation of Railroad and Utilities Commissioners this fail, at which time 
it is expected to call attention to the committee’s efforts for securing adoption of 
uniform mkhoife of protection. It is also expected to secure the approval of Bulle- 
tin No. 1 by the Executive Committee of the National Conference on Street and 
H%hway Safety, and of the Joint Committee on Signs, Signals and Markings of the 
National Conference and American Association of State Highway Officials. 

“Repfes received to a questionnaire sent out recently to the Executive heads of 
aB Ckss I carriers indicate a very decided trend toward the increasing use of the 
recomn^ad^ ^andards, and in general it may be said the progress made is very 
ena>uraging from the standpoint of all parties interested. 

“Our records ^ow that by Commission order the states of Colorado, New York 
and Rhode IsiaiKi require signs or signals conforming to A.RA. recommended prac- 
tice. The state of Michigan has pas^ a law requiring the installation of crossbudc 
s^ns and signals substantially in accord, with the addition of reflector 

buttons to all au xi liary signs and the letters of the crossbuck. The Public Utilitks 
Commis^D of New Jersey has signified its approval of the signs and signals as 
iiiistrated in Joint Committee Bufletin No. 1, and the present practice of several 
^ates, as a r^ult of Commi^on Order, is substantially in accord with A.RA. recom- 
mended iKactke. 

“Formal adoption of A.RA. standards is being given serious consideration by 
several ^te comm^ons, although nothing definite can be reported at this time. In 
^Mitlon, it is an open question in various other states, where the railroads are 
alowed to instafi sudi agns and signals as they desire. This is aiding to some 
exteM in the iKe of unifonn protection throughout the country.” 


J<int Committee on Grade Cros^g Protection, AJR.A. 

Octcter S, 1932. 

♦ ★ * 

A.RA. ^ifietin No. 1, to which reference is made, carries the title “Railroad High- 

Grade Cro^ng Protection-Recommended Standards”. 

SIMPLIFIED PRACTICE 

^ mpl fi e d Practice is a branch of Standardization because, by the process of elimina- 
tkm,. M leciuoes the number of types, azes and grad^ of material to be standardized. 

RffvfeioiB asd adklifeions to the Manual for 1932 published in Bulletin 347 contams 
material on Simpii&ation adapted by the Association at its 1932 Convention, 
a re^ of reeomjmencMtons presented by Committee VII — Wooden Bridges 
T^t^ies. AJRA. Dbiskm VI — Purchases and ^ores, has a Committee on Standardiza- 

and of ^res ^ocks, with which committees of the A.R.E.A. hanHIing r 

sinAr snbjeefe contact. 

Tie Dmkkm {£ Piactioe, U.S. Bur^u of Standards, calls attention to 

the ^neral use of the amplified invoice and other commercial forms published in 
No. 31—2% ami the interest of the General Committee of DivKion VI — ^Purchases 
ht a for snnpMfed lines in catalogs, price lists and other trade 



Standardization 


319 


The Division of Simplified Practice also reports that there are now 140 simplified 
practice recommendations in effect and that approximately 11,000 different organizations 
in the United States, including many railways, have accepted one or more of them. The 
list of effective Simplified Practice Recommendations is issued quarterly by the UJS. 
Bureau of Standards and may be had on application. 

S.P.R. No. 17-31, Forged Tools, issued January 4th, 1932, includes A.R.EA. Track 
Tools as adopted for the Manual in 1930. In this simplified practice recommendation, 
the variety of forged tool items has been reduced from 665 to 431 and the eye azes 
from 120 to 11. 


CANADIAN ENGINEERING STANDARDS ASSOCIATION (CX5A.) 

A. F. Stewart who has been a representative of the Canadian National Railways 
on the Main Committee of the Association has retired from the Committee and C. B. 
Brown, member, A.R.EA., Chief Engineer, Operating Department, CNUR., Montreal, 
has been appointed to succeed him. Otherwise the railway personnel on the Main Com- 
mittee remains as reported kst year. 

B. Stuart McKenzie, Secretary, has written the following statement on CJE.S.A. 
1932 activities for this report. 

Activities during the past year have been confined to work under the direction 
of the Sectional Committees on Civil Engineering and Construction, Mechanical 
Engineering and Electrical Engineering, and will be reported under these three heads. 

Civil Engineering and Construction 

Consideration has been given for some time to the pr^iaration of a specifica- 
tion for Wood Piles and Pile Driving, which will include information on tli^ b^ 
methods of preservative treatment of timber. A most important feature of the 
specification will be information on the available azes of timber for piling pulses 
which is being compiled in cooperation with the Forest Products Laboratories of 
Canada. 

At the request of the Royal Architectural Institute of Camda, a committee on 
Building Materials has been organized, under which it is propo^d to organize 
several panels dealing with specific projects. The first question which w31 be con- 
sidered is that dealing with iandard Brick Sizes, and it is hoped to have a confer- 
ence before the end of the year. Th% subject has been un^fcr cfeuSsion for some 
time and a standard was practicaly agreed i^n some two or three years ago, but 
owing to misunderstandii^ it was impossflbfe to secure adieimce thereto. It is pro- 
posed to consider Dumber, Mill Worl^ ^eel Work, Firqjroofii^ Materiafe, and other 
products used in the construction industry. 

Mechanical Engineering 

The most active work in this field has been in connection with Screw Prochicts. 
A revised edition of a standard for Machine Screws and Nuts has just been issued^ 
foBowing toe publication of a standard list for Cap Screws, Set Screws, SfeiMfe ami 
Nuts. It is hoped also to issue shortly a standard for Machine, Carrkge and Tkm 
Bolts and Nuts. 

Another standard which it h expected will prove of great service is that cover- 
ing Blade Punching for Road Gradtog Machii^ry. The adoption of this standard 
win allow for interchangeability of cutting bkd^ aiMi mould boards on road graders, 
and it has been unanimou^y approved by al the highway departments in Canada 
and by the leading manufacturers of rc^d grading machinery. 

A committee is now being organized to coimier the preparatom of a uinform 
Safety Code for Passenger and Freight Efevators, for m Canada, and the co- 
operation of government authorities in the differmt proviiK^ manufacturers, and 
insurance interests, is being obtained for the purpose of studying this probten. 
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Electrical Work 

year has been marked by the adoption of the Canadian Electrical Code in 
the Province of Manitoba. The entire nine provinces of Canada have now adopted 
the Electrical Code, which provides for uniform electrical regulations in 

ccmnectkffi with interior wiring throughout Canada, and a tremendous improvement 
has beai noted in the standard of electrical installations during the last few years, 
Pkrt I of the Code only covers inside wiring, but Part II covers approval spedfica- 
tkffls for efedrkal apparatus. These specifications outline the conditions which mu^ 
be observed before electrical apparatus of any kind can be sold or otherwise used in 
Cac^. The first ^>edfication, covering Power-operated Radio Devices, was issued 
during the year, and specifications for Electrical Signs and Electrical Equipment for 
Oii-bumii^ Ap^ratus will shortly be issued. Consideration is also being given to 
Eiuteed Switches, Service-entrance and Branch Circuit Breakers, Electric Clocks, 
Portabfe iSectrkal Di^kys and Incandescent Lamp Signs, Electrical Capacitors 
(Contosers), Electrical Fixtures, Electrical Floor Scrubbing and Polishing Machines, 
and Fractkiial Horsq>ower Motors. 

Tests made by the Hydro-Electric Power Commission Laboratory at Toronto 
are now bring ^neraBy accepted throu^out Canada by the different inspection 
auth(^:ties, thk beh^ pnrovided for under “Approved” as defined in the Canadian 
Etorkal Code. 

RevKion of the ^)ecification covering Watthour Meters, and a new specification 
for rfemand Meters is now under consideration, also a specification for Power Trans- 
formas and for Transformer and Switch Oil. It is also proposed to consider stand- 
ank for Magnet Wire and Oil Circuit-breakers, and possibly Electrical Capacitors 
dealing wth the control of power factor. 

In^>eriai Ccmference 

The (Hit^anding event of the year was the holding of the Imperial Economic 
Conferee at Ottawa and the appointment of a Special Committee on Industrial 
^andardization, at whidi the Camdian Engineering Standards Association was rep- 
lesmM by the Secretary. This conference dealt specifically with the subject of 
^andar^ with the object of securing as much uniformity as posrible 
tirot^hont tlm Empfe in the encouragement of inter-empire trade. Industrial con- 
ipeaces were hrid in coimection wkh the Standardization Committee, at which con- 
sidcEatiQii was grven to ^eel, I^umber, Mistrial Chemicals, and Agricultural Madiin- 
ery. It k too eariy yet to say just what the result will be of this conference, but 
dom cooperahkm b^weea Great Britain and the standardizing organizations in the 
variem Donmno^ wil be enoouragecL 

Fkaaces 

Tl© AssoeMkm opmtes with funds aipplkd by the Dominion Government 
throi^ the hMionai Researdi Council, and also fxmds secured direct from industry 
a system of s ust ai ning mfin£d)ershifB. In spite of the prevailing depression, suffi- 
dea^ fmids have been avaiiahle for the year to carry on the work. 

Cliang^e in H^Mtqiiarters 

Tie CJS-SA. headquarters have bemi dialled to No. 79 Sussex Street, Ottawa. 

Accem^aByi^ this repeat h A|^>enclx A — ^American Standards Approved by the 
Mmmm Saisteis Assocktmn, September 1, 1931, to September 1, 1932. 

Re^)eclfu% submitted. 

The Committee on Standardization, 

J. C. Irwin, Chatman, 
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Appendix A 

STANDARDS APPROVED BY THE AMERICAN STANDARDS 
ASSOCIATION 


Period September 1, 1931, to September 1, 1932 


Symbol 

Title 

Approved as 

A12— 1932 

Safety Code for Floor and Wall Openings, 
Railings and Toe Boards 

American Standard 

A47— 1932 

Steel Reinforcing Bars 

American Standard 

B8— 1932 

Safety Code for the Protection of Industrial 
Workers in Foundries 

American Standard 

B16bl— 1931 

800 Lb. Hydraulic Cast Iron Pipe Flanges 
and Flanged Fittings 

American Standard 

B38cl— 1931 

Code for Testing Domestic Refrigerators 
Using Ice 

American Recommended 
Practice 

847—1932 

Plain and Thread Plug and Ring Gage Blanks 

American Standard 

C8a— 1932 

Definitions and General Standards for Wires 
and Cables 

American Standard 

C8kl— 1932 

Weatherproof (Weather Resisting) Wires and 
Cables 

American Tentative 
Standard 

C8k2— 1932 

Heat Resisting Wires and Cables 

American Tentative 
Standa^ 

American Standard 

C16c~1932 

Standard Vacuum Tube Base and Socket 
Dimensions 

C16d— 1932 

Manufacturing Standards applying to Broad- 
cast Receivers 

Amerkan Standard 

C44-;-1931 

Rolled Threads for Screw Shells of Electric 
Sockets and Lamp Bases 

American Standard 

C48— 1931 

Standard for Electric Railway Control 
Apparatus 

American Standard 

C53— 1932 

Recommended Practice in the Temperature 
Operation of Transformers 

American RecommemM 
Practice 

MS— 1932 

Methods of Screen Testing of Ores (Hand 
Method) 

American R^mmen<led 
Practice 

M6— 1931 

Drainage of Coal Mines 

American Recommen<kd 
Practke 

M24— 1932 

Safety Rules for Installing and Using Elec- 
trical Equipment in Metal Mines 

Amerkan Recommended 
Practice 

Zlte— 1932 

Symbols for Mechanics, Structural Engineer- 
ing and Testing Materials 

American Stan(krd 

Z12b— 1931 

Safety Code for the Installation of Pulver- 
izing Systems for Sugar and Cocoa 

Anaerkan Standard 

Z12c— 1931 

Safety Code for the Prevention of Dust 
Explosions in Starch Factories 

American Standard 

Zl2e— 1931 

Safety Code for the Prevention of Dust 
Explosions in Terminal Grain Elevators 

Amerkan Standard 

Z12g— 1931 

Safety Code for the Preventkm of Dust 
Explosions in Wood Flour Manufacturing 
Establishments 

American ^andard 

ZlZh— 1931 

Safety Code for the Prevention of Dust 
Ignitions in Spice Grinding Plants 

Amerkan Stamiard 

Z12i— 1931 

Safety Code for the Use of Inert Gas for 
Fire and Explosion Prevention 

Amerkan Ste.ndard 

Z21a— 1932 

Approval Requirements for Gas Ran^ 

American Rea>mmen<kd 
Practice 



REPORT OF COMMITTEE III— TIES 


. Burton, Chairman: E. L. Crugar 


V. Ardagh, 

S. Belcher, 

. S. Blaiklock, 
. C. Bolin, 

. F. Brown, 

E. Butler, 

3YXE CAleCPBELL, 

. E. Chapman, 

. R. Clarke, 

B. Clement, 

. L. Cook, 


H. R. Duncan, 

C. W. Greene, 

R. S. Hubley, 

J. E. King, 

C. S. Kirkpatrick, 
F. C. Krell, 

L. O. Lower, 

A. F. Maischaider, 
C. H. Mitchell, 
H. C. Munson, 

L. T. Nuckols, 


John Foley, Vice-Chairman; 
J. H. Reeder, 

L. J. Riegler, 

J. H. Roach, 

S. S. Roberts, 

S. E. Shoup, 

L. L. Tallyn, 

J. W. Tate, 

K- G. Wnxmis, 

W. W. Wysor, 

R. C. Young, 

CommUtee. 


'o the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the foUowing ass^ned 
ubjects: 

(2) Extent of adherence to Standard Specifications (Appendix A), 

(3) Substitutes for wooden ties (Appendix B). 

(4) Tie renewal averages and costs per mile (Appendix C). 

(5) Method of comparison of renewal costs per mile (Appendix D). 

(7) Economics of the use of 8-ft. 6-m. and 9-ft. ties as compared with S-ft. ties 
[Appendix E). 

(8) Method illustrating how tie renewals may be predicted under a program in- 
volving the change from the use of untreated ties to treated ties (Appendix F). 

(9) Mo^ economical method of distributing ties from treating plants to points of 
use (Appendix G). 

(10) Economic uses for old ties which must be removed from track and bridges 
(Appendix H). 

(11) Tie renewal practice including methods of inspection and renewal, check of 
sudi inspection and adherence to such inspection (Appmdix I). 

In line with instructions, your Committee has elected not to report this year on the 
following assignments: 

(1) Revision of Manual. 

(6) Concise summary of all of the features which constitute the best tie practice. 


Action Recommended 

(1) That the reports contained in Appendices A, B, C, D, E, F, G, H, and I be 
received as information. 

Respectfully submitted, 

The Commitxee on Ties, 

W. J. Burton, Chairman. 


Bulletin 351, November, 1932. 
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Appendix A 

(2) ADHERENCE TO STANDARD SPECIFICATIONS FOR 
CROSS-TIES 

J<rfm Fokyj CiiainBan, Sub-Committee; W. C. Bolin, E, E. Chapman, H. R. Clarke, 

H. R. Duncan, C. H. MitcheU, H. C. Munson, L. T. Nuckols, J. H. Reeder, S. S. 

Roberts, K. G. Williams. 

Fewer tks were purchased in 1932 than in 1930 or 1931, and in consequence there 
contini^ the lack of competitive conditions which tempt consumers into non-adherence 
to ^ndard ^)cdhcations. 

In a body, the Committee on Ties did not examine any lots of ties, but reports by 
mdividiial members, on observations of 5,000,000 ties at six seasoning yards, confirm the 
opinion that the tks now ^or^ in sankary surroundings by producers or railroads repre- 
^nt satMactory in^>ection under the requirements of the standards. 

T1^ adc^jtion of the A.R.EA. standard by a railroad which had been using indi- 
vidual specifications for ties added 19,000 miles of track to the almost complete mileage 
of linked States lines covered by the American Standard. 

Miflkm?; of ties were given preservative treatment during 1932 and added to the 
stocks of simikr ties ^ored until they are used. If the creosoting of these ties was not 
pat (M uMii decay had started in them, their treatment should keep them in sold con- 
diikm iskii tbsy are needed, provided standard anti-splitting irons have been effectively 
a|^)fied. 

Wbenever the demand for ties develops, there will be presented for purchase quanti- 
ties of tltoQ which have been held in the woods or on rights-of-way in styles of stacks 
nek sukabie for satisfactory seasoning. Many of these ties have decayed during the 
vaiyh^ periods their owners have awaited a change in market conditions. It will be 
conlended that these ties are dry enough to treat without additional storage, thus saving 
souM cost of seasoning. All such ties should be inspected with extreme care, and none 
acceiked in stacks. Each tie ^ouki be examined with special consideration of the 
deterioration to be expected at those portioi^ which have been in contact with other ties. 


Appendix B 

(3) SUBSTITUTE TIES 

A, F. Makchaider, Chairman, Committee; S. V. Ardagh, R. E. Butler, S. B. Clement, 
L. J. Rkgl^, W. W. Wysor. 

REPORTS FROM RAILWAYS MAKING TESTS OF SUBSTITUTE TIES 

Atlanta & West Point Railroad 

R^>orted by S. R. Youi^, Chief Engineer. 

IMe— 6, 1932. 

Nmne <d tie Duke Reinforced Cross-tie 

Loeatkm Louise, Ga. 

June 27, 1927 
10 
10 

Stone and gravel 
POrlb. 

H%h ^)eed, heavy service, passenger and freight 


Date pit in tmek 
Hamber pit in track 
Ntnnber now in track 
Kind of baBast 
of rail 
Kiid ol traffic 
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Bangor & Aroostook Railroad 

Reported by P. C. Newbegin, Chief Engineer. 

Date — ^June 14, 1932. 

The concrete ties in Bangor & Aroostook Railroad tracks were inspected June 8th 
and showed no change whatever in the condition since last y^r, as reported on 
page 477 of AREA Bulletin 343. No ties have been removed since that report was 
made. 


Bessemer & Lake Erie Railroad 

Reported by F. R. Layng, Chief Engineer. 

Date — ^June 10, 1932. 

Cracking and disintegration of the Brown Ties have become more serious ami 
to date 224 ties have been removed from the track. 


Delaware & Hudson Railroad 


Reported by M. J. McDonough, Division Engineer. 
Date — June 1932. 


Name of tie 
Location 

Date put in track 
Number put in track 
Number now in track 
Kind of ballast 
Weight of rail 


Dalton Steel Tie 
Carbondale, Pa. 
April 1927 
98 
98 

Cinder 
90-Ib, ASCE 


Tests were so satisfactory that a steel tie plant was installed. Number iistaBed 
to date is 52,888. 


Duluth, Missabe & Northern Railroad 

Reported by E. H. Dresser, Vice-Pres. & Chief Engineer, 

Date — June 29, 1932. 

Missabe Division — ^The last report showed 19,095 Carnegie Steel Ties in track, 
389 having been removed during the year ending December 31, 1931, leavii^ balance 
of 18,706. The Kimball Steel Ties originally instalkd are all in trai. 

Iron Range Division — ^The kst report iowed 889 Carnegie Steel Ties in trad:, 
none being removed during the year ending December 31, 1931. Tbe 7 Hatdi Con- 
crete Ties are all in track. 


Los Angeles Railway Corporation 

Reported by B. H. Eaton, Engineer Way & Structures. 
Date — June 10, 1932. 


Name of tie 
Location 

Date put in track 
Number put in track 
Number now in track 
Kind of ballast 
Weight of rail 
Kind of traf&c 

No new installation. 


McDonald Concrete 

Los Angeles 

1911 

627 

584 

Solid concrete 
874b. 

Heavy traffic, exdusively pa^enger 
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Elgin, Joliet & Eastern Railway 

R^>orted by Arthur Montzheimer, Chief Engineer. 

Date—July 15, 1932. 

Referring to the 62 Bates Concrete Ties installed in the year 1912; 56 re- 
mained in service on Jufy 1, 1932. Two were remov^ during the month of 
Jui^ 1950, on account of tie rods, or reinforcing rods being rusted through at the 
end of the concrete in center of track, as reported October 22, 1930. Four ties 
were removed during month of August, 1931, for the same reason as those taken 
out of service dur^ June 1930. At present, six of the remaining ries have the 
two uf^r reinforcing rods rusted through but the two bottom rods in the center 
of track are still in fair condition and ties will remain in service. 

The following statement shows the Carnegie Steel Switch and Steel Cross Ties 
instalkd in our tracks to July 1, 1932, the number taken up to the same date and 
tlk quantity in track as of July 1, 1932. All other characteristics in connection with 
the kimi of ballast, weights of rail, etc., remain unchanged from that previously 
reported. 



Un. ft. steel 

Zi«. fL steel 

Lin. ft. steel 

Lin. ft. steel 


switch ties 

switch ties 

switch ties 

switch ties 


laid in 

taken up acct. 

laid in 

taken up acct. 

rear 

renewals 

renewals 

construction 

track retired 

1912 

. . 304S2 


5580 


1913 

.. 196333 


11527 

430 

1914 

.. 142939 


5135 


1915 

. . 58314 


2023 

1615 

1916 

. . 17856 

10 

7120 

16498 

1917 

. . 3789 

1907 

8623 

17340 

1918 

. . 4511 

3006 

6564 

S453 

1919 

. . 6483 

526 

1582 

1582 

1920 

575 

22737 

2588 

2774 

1921 

. . 4712 

24855 

717 

4744 

1922 

241 

21903 

444 

527 

1923 

846 

19451 

1973 


1924 

.. 2300 

18124 

441 

1394 

1925 

180 

33700 


2271 

1926 

1708 

37098 

255 

2550 

1927 

0 

142954 

2004 

945 

1928 

0 

77891 

0 

0 

1929 

0 

17794 

0 

0 

1930 

0 

1688 

0 

401 

1931 

0 

660 

0 

438 

Jan. 1 to Jui^ 30, 1932. 

0 

955 

0 

0 

Tc^ 

.. 471239 

425259 

56576 

58962 


Line ar feet of steel switch ties laid in renewals 471239 

“ U U .. u u construction 56576 


Lh^ar feet of steel switch ties taken up acct. renewals 

M M li U U U it j. 1 r 

track retired 


527815 

425259 

58962 


Ltetr feet of switdi ties in track July 1, 1932 

Steel Cross-Ties 

Number of ^eel cross-ties kid in track 

“ u a « • * • • 

^ in track July 1, 1932 ... 


484221 

43594 

15514 

12040 

3474 
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Steel cross-ties renewed as follows: 

Year Number 

1916 50 

1917 2^ 

1918 182 

1919 453 

1920 306 

1921 1165 

1922 641 

1923 2620 

1924 1341 

1925 262 

1926 550 

1927 2399 

1928 1276 

1929 0 

1930 0 

1931 529 

1—1—32 to 7—1—32 6 


12040 

Pennsylvania Railroad 

Reported by T. J. Skillman, Chief Engineer. 

Date— Sept. 14, 1932. 

On account of present restricted conditions, no report will be naade this year of 
the substitute ties in track. 

St. Louis-San Francisco Railway 

Reported by F. G. Jonah, Chief Engineer. 

Date — July 8, 1932. 

Name of tie Clark-Applegate 

Location Springfield, Mo. 

Date put in track December 1914 

Number put in track 125 

Number now in track 120 

Kind of ballast Cinders, gravel and chatts 

Weight of rail 85-lb. 

Kind of traffic Heavy service, exclushrely freight 

Ties are getting very badly corroded and the lugs holding the wood filers in 
place are pretty w^. Five of the ties were removed during the la^ year account 
‘ complete failure of the metal lugs holding the wooden fillers. 

Terminal Railroad Association of St. Lromis 
Reported by H. J. Pfeifer, Chief Engineer. 

Date — ^June 29, 1932. 

Name of tie Miller 

Location Near Florissant Ave., St. Louis, Mo. 

Date put in track May 1924 

Number put in track 100 

Number now in track 100 

Kind of ballast Cinder 

Weight of rail 100-lb. ARA-B section 

Kind of traffic Moderately heavy frdght and passenger service — 

medium speed 

The Miller Ties, on which we have been making annu^ reports, were installed 
in the track in May 1924. They are still in track aM in first-cia^ c(mdition, none 
of them having been removed and no exp^ise of any kind havii^ been incurred in 
connection with them since they were inkaHed. Judging from pr^ent condi- 
tion, there is every reason to expect a Me for these ties of 30 years or more. 
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T5STS or suBariTDis TIBS nr uhited spatbs 


SAME OF TI£ 

JLAILBOAD 

LOCATION 

No. 

Put 

In 

Bate 

Put 

In 

Max. 

Life 

Secared 

PWiUTt: 

Sr&nt 

P.W.^ B. 

Trir^'^1" 

100 

1878 

4 Ir.7 Mo. 

Formerly Philn.A Balto.Cent. 


P.V.& B. 

Cbeater Creek Breach 

100 

1879 

4 leari 



Penna 

Filbert St.2rten. 

— 

1880 


Inverted Trough Section 

P.S.B, 

Penns 

Weat Pbila. 

500 

1885 



Inverted Trough Section 

latenM^tioaal 

llaine Cent. 

Portland, Ife. 

Pew 

1885 

— I 

Ho record of life avsilable 

Tooecx 

STCAHE 

Grand Cent.Station 

1000 

1885 

— ■ - ... 

In eervice evw five years 

Ist«rwtiOQAl 

B.d If. 

SonB&errllla, Maes. 

Few 

1885 

4 lears 



fagflor 

Sante Fe 

Streator, 111. 

22 

1887 

7 leers 

Also known as Coltupbian Tie 

¥«Vb 

Pennn 

Menlo Park. K.J. 

850 

1887 

9 lears 

London A B.W. Standard Track 


Penna 

fiontin^don. Pa. 

680 

1887 

4 leers 

London & B.V. Standard Track 



Benirer 

Few 

1887 


Taken out after short time. 


Lon^: lal. 

— 

20 

1887 

— - 

5o record of life available. 

Studard 

CiOl 

Cblcaso 

500 

1889 

10 lears 

Tie very similar to "Bhiveraai" 

Hartford 


Garrison, N.I. 

600 

1889 

10 Tears 


StaiKUrd 

B&B 

Saratoga fringe 

1500 

1890 

1 laar 


Stftsdard 

Loz« lal. 

— — 

500 

1891 

S Tears 

— — — 


BeluA: Ban. 

— - 

£ 

1B90-1 


Ho reeoird of service available 

Standard 

P.k S. 

Philadelphia 

1000 

1891 

5 Tears 


SasDders 

irrcm 

Grand Central Station 


1891 


lo record of service available 

Scusdars 

UGB 

Aastin, Ter, 


1891 

— 

« »» n m 

laidala 

mur 

lofungetown 

17 

1891 

— — 

n n n n 

Hielts 

BL&T 

Hoboken 

6 

1891 


w n n n 

IteTcIl 

BL&¥ 

¥eat End A SafflBilt,K.J, 

, 100 

1892 

— 

ft IF W 9t 

SorrtU 


Scranton, Pa, 

100 

1892 

— 

" ” » » 

Price 

P.A B. 

Gezmantoen Branch 

200 

1893 


*» n n n 

Colder 

irrc 

Cleveland 

6 

1894 

— ■ 

n n n n 

^irtford 

NTC&HB 

noth St.^N.I. 

1350 

1896 

S Tears 

Modified type; also called "Stdioan*' 

Hideell 

eSA 

Baneas City 

.... 

1897 


No record of servlea available 

Sarxell 

PFITdC 

Union Sta., Chicago 

30 

1899 

17 Uos. 

Be inf oread conorete 

Chester 

HdBTU 

Huntingdon, Pa. 

... 

1899 

— 

No record of serriee avadlsble 

Blffiball. 

Pere If. 

Saginaw. 

Z 

1900 

... 


larerted Trou^ 

B£LE 

Osgood, Pa. 

1500 

1900 

11 Tears 


Bijsball 

Pere U. 

Port Huron 

1 

1900 

... 


Harrell 

Penna 

Hageviacb 

10 

1901 


On industry trs^ 

Heluforced Cone. 

C 0 I 0 .& S. 

Argo, Colo. 

3 

1901 

1 Tear 


Babrer 

SIC 

Sandusky 

150 

1901 

... 

Ties made of old 65-lb. rail 

Bahrer Cone. 

KTC 

Sandusky 

2095 

1902 


Oonc.baae around old &5-Lb. rail 

BoTbanJe 

Hecla U.Co. 

. Bay City 

2 

.... 

... 

No record of service available 

Sahrer Cone. 

C&SW 

miwankee 

15 

1902 

12 Tears 

Located at AUls 

Bithrer Cone. 

Ann Arbor 

__ 

77 



No record of service available 

Bahrer Cone. 

LAM 

Banbury, 0. 

550 

.... 



Alfred 

P.M. 

Saginaw 

Id 

1902 

... 

3 Btlll in trade In 1932 

Kimball 

P.l£. 

Bay City 

2080 

1902 

.... 

Still In track in 1932 

Bobrer Cone.. 

Penna 

Toledo 

50 

1903 

Tears 


Seeley 

Toledo Tem. Toledo 

10 

1903 

2 weeks 

CcKiCTete without ralnforeetBeot 

Bubrer 

LEAK 

Tipton, Ind. 

24 

1903 

21 Tears 

Last 5 removed in 1924 

Kimball 

P.M. 

Walkernile,Ont. 

2 

1903 


Beooved before 1920 

Bubrer 

Penna 

N.V.Sys. 

600 

1903 

S Tears 


Kimball 

NKCAStL 

Cleveland 

8 

1903 

9 Tears 

All removed 1910-1912 aecoost grade 







elisinatlotu 

Kifldjall 

P.lf. 

Pelton, Ont. 

2 

1903 

.... 

Beaored before 1920. 

Bubrer Cone. 

Penna 

Ibtsworth 

21 

1904 

2 2A0S. 

— 

Carnage 

NIC 

Castle ton 

1 ml. 

1904 

1 Tear 

■■ ■ 

Bubrer Cone. 

Penna 

Toledo 

50 

1904 

2^ Tears 

— — 

Bubrer Cone. 

Penna 

Emevortb 

500 

1904 

2t Tears 

— 

Soita 

Penna 

Eosworth 

2 

1904 

5 Tears 



Affleck 

NIC 

Chesterton, lad. 

15 

1904 

4 Mos. 

- — - — 

Bubrer 

NIC 

Sesdu^ 

1 mi. 

1904 

.... 

— 

Helnforeed Cone. 

UAB 

Bondottt 

— 

1904 

— 


Alfred 

P.1I. 

Various 

233 

190^ 

11 Tears 

— 

Branson 

Cb^.Jet. 

Chicago 

19 

1904 

Few Mom. 

— 

Bubrer Cone. 

Penna 

Emsworth 

100 

1904 

2i^ Tears 

- 

Affleck 

Penna 

Emsoorth. 

100 

1904 

7 Mot. 

Last ramoved J^rll 1908 

Boulton 

BAD 

Akron, 0. 

17 

1904 

— 

Last removed In 1920 
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TESTS OF SUBSTITIJTS TIES IS fflE 3ITED STITES 


sm m fii 

BiTT.BftITS 

LOCATiaS 

lo. 

Pfft 

la 

MU Maa. 

Pat Life 

In Secured 

HaiAElIS 

Salts 

fMOSft 

aatworth 

49 

1904 2 Tears 

— 

ItiBW COK. 


Btpwrta 

lOO 

1904 2 Tears 

Replaced part of 300 preTlously iinder test 

CvratiglM 

mi 

Ttriouj 

I'ABJI 

1905 

& Sub, 

213,980 in track in 1931 



Bssvortii 

500 

1905 2 Teara 

Steel ties 

ClTfi^t 

MIS 

Tsrlous 

2000 

1905 

889 still in track in 19S1 

y<«a»n 

ITMStL 

CleTalKid 

6 

1905 7 Tears 

— 


?mam 

S»3«orth 

500 

1905 12 Tears 

lived twice acct. inability to instlate 

lUiCaim 

3km. C@m, 

Pittslnirgii 

45 

1905 2 Tears 




Fcsoa 

Sttsworth 

5 

1905 1 day 

— — 

liBtell 

CM 

Lockport,!!!. 

63 

1905 B Tears 

— 

iMftf 

Fmm 

Scullj Tard 

44 

1905 7 IkJS. 

— 


3&0 

SaltisoTe 

5 

1906 2^ Tears 

— — 



Colilai, S.7.] 






Sld^^evi^, Fa«) 

3000 

1906 12 Tears 

— — 


ZBC 

StmiagtxstiM 

16 

1906 14 Tears 

SfflBOTed 1920 acct.laying heavier rail. 






Ties in good condition. 


B«1 

Scwton 

Sot So, 1906 7 Tears 

— 

Cane^it 

SJ*. 

— 

60 

1906 — 

lo record available 

CaraegiM 

L.T. 

I£tK 


48 

1906 — 

1906 — 

Still in track In 1932 

Sijdar 

Conui: Ltb. 


200 

1906 — 

Still in track in 1920 

Ptrcival 

ms 

McZsfts 2o^ 

25 

1906 20 Mos. 

— — — 


W3 

HBTlatUTllle 

1 Bi. 

1906 10 Tears 

• — 

Percl^ 

SCRU?*C* 

SdjcvwUri Ttx. 

100 

1906-8 17 Tears 

Last 31 reooved in 1923 

CJMeemth 

F«qx» 

Scullj lard- 

100 

1906 7 Tears 

Last 10 removed in 1913 

MSmaU 

JSUSF 

Los isfielst 

a 

1907 11 Tears 

Bemoved in 1918 

Elda^ 

S.C* 

larlou 

40 

1907 — 

— 

Ca^n 

JftfSfclo Cric. 

— 

30 

1907 — 

So record awilable 

Smagi* 

?mi 

Sjrsd&Ie Sraoch 

795 

1907 SO Tears 

Last 27 ronoved In 1927 

Sbcj^ 

PVEBK 

CoeBaotiQ^ L MrrjSSSe 

1907 — 

1157 still in track in 1930 

Cuntcg^ 

ms 

!fic£ees Books 

3000 

1907 9 Tears 

— 

DmMfl* 

31g ?cwr 

Greea^mrStlsd. 


3000 1908 — 

Last 1952 ti-s rsinved in 192t 

Sitcl«r 

Fanm 

SBiBvartd 


15 I'JOS 

14 still in track ir. 1^30 

Csra^ la^ee 

?Si£ 

PittsTjorgii 


6 1908 8 Tears 

Garae^ 

Lake Term. 

L(»'&iBi 0. 


— 1906 


Csrat^t* 

^OB 3S 



5000 1908 — 

— 

i.ferao£ 

ms 

Melees Books 


5 1908 16 Tears Beao-.ed ir. 1923 

EumgU 

TtStK 

Bolatli k Proctor 22400 1S08 — 

18075 in trad in 1932 

mal TU 00* 

SbD 

£artl3Ubcr£»I.fa. 

50 1909 — 

111 refljoved in 1924 

Gtraosl* 

Erie 

Bers«i Ttrd 

Set Sv. 1909 6t Tears 

Gkra«^ 

Lmag laXiaid 

Hldcsrillt 


30 1909 

LatsV 6 removed in 1929 

CvodgLa 

Sri* 

ClsTolJLat 

Set 3s. 1909 5 Tears 

Oaftseat 

m 

SloefieU, f.Ta. 

— 1909 

^cial track construction 

CtaxmagSjt 

StiM 

JttDSStOro 


364 1909 — 

Eemoved itxm track in 1919 

inui 

Mg Fmt 

Paris, m. 


20 1909 3 Tears 


mrnU SUM XUmlA 


1600 1909 7 Tears 

Broetoar 

Hum. 

ScMljr Tird 


18 1909 li Tears 

earned 

isa 

Tsrioos 

15514 1909-17 

3474 in track in 1932 

&asmgia 

xnz 

T&riotts 

527815’ 1909-17 

43594 lln,ft. In track in 1932 

Fmetiml 

Sosuisc, 

Bajma. Sal* 


100 1910 — 

Last 72 removed in 1921 

mM 


Ie«toii,£aas, 


S 1910 15 Tears Besoud In 1925 

aote 

Pamci 

SudtSilaj 


12 1910 6 Tears 

CUSifJ* 

ISM 

So.CM.cafO 


— 1910 — 

Large pert still in track in 1919 

XKkl^ A 3ad^ 

Buam 

VilktSskoBTf 


lOO 1910 12 Tears Last remoTed In April 1922. 


Fwm 

Mssortik 


96 1910 ^ Tears 

iblwaal 

mx. 

Pittskvr^ 


100 1911 5 Tears 

iBitwaal 

IKtM 

— 


99 1911 4 Tears 

OBiiwrml 

jsm 

Sraddook,Zaiasi. 


1^ 1911 11 Tears Stoved to Florence 1912 k remored txm 






track in 1922. 

IMwrMa 

mo. 

Oiicsfo 


100 1911 6 Tears 111 rkooTed la 1917. 

@aiwr«4 

msx 

C&lesfo 


83 1911 8 Tears Eenored from track in 1919 

Bgadraw 

Ham 

SeMij laxd 


20 1911 14 loa 
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TESTS OF SUBSTITIira TIES IS ISE U5ISHD ST^ES 


So, £»te )£ax. 

OF TIE EilLSCAI' LCCJCICS Fat ?tit Life EUIiaSS 

In In Secured 


McDonald 

L.A.St.Ey, 

Loa imgelea 

4523 1911 

584 in track in pared streets 1932 

Ilihall Stool 

DMdS 

— - 

1 1911 

Still in track in 1931 

^ndknor 

P41S 

McKee a Hocka 

20 1911 

4 Teara — 

Cmrcoglo 

Fonna 

Pitcairn Tard 

5000* 1911 

10 Tears Last 500 lizuft. roeored 1921 

lollor i Eooco Cen.ATiSF 

Loa Inge lea 

9 1911 

2 Tears 

liBball 

Forma 

Scully lard 

1 1911 

6 Teara 

Intemation*! 

FALS 

Claaeport 

16 1911 

4 Tears 

Si:q>lex 

CUL 

Hear Chicago 

63 1912 

6 Tears — — 

3c.t«a 


Whiting 

62 1912 

56 in track in 1932 

lolclOTOod Cone, 

ATASF 

Topelca 

6 1912 

3 Teera 

Morfsn 

Fteaa 

Itglen, Fa. 

200 1912 

3 Tears — — 

Coac.i Stool 

Inland 

L. I. City 

34 1912 

16 Tears Last renored in 1928. 

Kou7 

FALX 

Glaaaport 

10 1912 

4 Tears 

Stkco 

C.P. 

Denrer 

33 1912 

4 Teara — — 

Shono 

DASL 

Denrer 

26 1912-16 

22 still in track 1932 

bmm. CoBont 

iS&SF 

Pirera, Cal. 

8 1912 

•— Last retDored in 1924 

FfWna Stool Co 

Fenna 

Atglwi, Fa. 

5 1913-4 

4 Taara 

Sojon 

1T&5F 

Tecs&aeh^ Okla, 

35 1913-4 

U1 renored hy 1917 

Soil 

BBiJF 

Birertldo, Cal. 

60 1913 

58 still in track in 1921 

Cotsogio 

Fenna 

Atglen, Fa. 

3000 1913 

5 Tears 

Cb—plon 

Fensa 

Xaaaorth 

203 1913 3 ■&.5 Mo. 

CUBOgiO 

H&SF 

Chamite, Kana. 

56 1913 

6 Teara — — 

Cumoglo Seileli 

iSiSt 

Xewton* Kana. 

46 1913 

U atUl in track in 1920. 35 d»»- 

troyed by derailaent in 1914. 

Ctmcglo Stflteh. 

asisr 

Xevton» Kana. 

35 1914 

9 Tears Beplacing those destroyed "bj derail- 
mant. iU rcraoTed in 1923. 

Looncrd 

Fenoa 

Itglen, Pa. 

6 1914 

4 Tears 

Staoderd 

FALX 

Claaeport 

20 1914 

ill renored In 1926 

1 

OttS 

Tlrglnia 

30 1914 

m still in track in 1930 

Oeodlctt 

SortuPao. 

Oakland, Cal. 

12 1914 

1 Tear 

CoBoJEtoodl>od 

H.P. 

Klacoally trra.Vaah. 

2000 » 1914 

— Special trajdc otmstmetion - still 

in serriee 1919. 

Sronoon 

ITASP 

QilUioothe 

U 1914 

— ill restored in 1923 

Cornegio 

Penna 

Atglen, Pa. 

100 1914 

4 Tears Benored in 1918 

Clark Upplegoto} 

StLASF 

Sprlngfleld.lIo. 

125 1914 

120 still in track in 1952 

&«nt 

StLiSP 

Sapulpa, Okla. 

4 1914 

■ — All rosaored in 1925 

Stonaliack 

HABIU 

Hunting^n, Pa. 

3 1916 

All in track in 1920 

Standard 

Penna 

Lenorer, Pa. 

500 1915 

— AU restored in 1921 

Snyder 

Penna 

itglen. Fa. 

970 1916 

19 Ifea. 

ISorgan 

Penna 

Atglen, Pa. 

56 1916 

10 Moa. 

Ickoa 

AT&SF 

Cbanute, Kana, 

7 1915 

Teara 

Saiilas 

Fenna 

Atglen, Pa. 

6 1916 

11 Mob. 

Shane 

Penna 

Itglen, Pa. ’ 

100 1916 

2i- Tears 

Indestractlhle 

SotuPaoV 

lagle Paas, Tex.^ 

23 1916 

U1 atlll in track in 1930 

Feorleaa 

Ctd. 

Chicago 

201 1916 

16 Teara ISl still in aerrloe in 1932 

Itunilov 

WALE 

Jewett, 0. 

25 1916 

aSrears Last 15 renored in 1924 

ooodlatt 

Sou,Fao. 

Pleasant Hill, Cal 

. 160 1917 

FevMos. 

Goodlatt 

SoiuPac. 

Oakland 

27 1917 

— 2 still in tra^ in 1924 

Sardman 

S&O 

W.Baltiz&ore 

29 1917 

U1 renored in 1919 

La Guna (Vebar) 

AT&SF 

Vegela, Cal. 

46 1917 

B Tears Last renored in 1925 

Moore 

Sou,Fac. 

Lafayette, La. 

40 1917 

38 atiU in tra<^ in 19^ 


DLAS 

East Dorer, 'K.J. 

30 1918 

Last 22 renored in 1924 

SilTor 

STC 

^uyten DoyrU 

5 1918 

— Ul still in trade in 1923 

inerlean Cone. 

Nor.A Porta, 

Fortanwnth, Ta. 

138 1919-23 Last few reoored in 19^ 

Ibrylasd 

Penna 

Lenorer, Pa. 

25 1919 

All renewed in 1920 

Cfaaaiberlaln 

TKRAaan. 

St .Louis 

10 1920 

— In yard track. All resoored 1926 . 

Chazs>lon 

Penna 

Lenorer, Pa. 

396 1920 

Last 767 restored in 19^ 

Syckoff 

DAO 

Baltinore 

4 1921 

4 Tk.lO IC All renored in 1926 

lokea 

£an«Cty.Sou. 

Kanaas City 

27 1921 

11 Tears Benored fron stain line 1922 aad 
placed in indnatxy track, xii 
still in serriee in 1932, 

kEetal Safety 

Fensa 

Taiqitm, Pa. 

20 1922 

5 Tears All restored in 1927 

surer 

Penna 

Atglen, A, 

148 1922 

1 Tear Benored in 1923 

fiat^ 

D&IS 

Too Earhora, Minn. 

11 1923 

— 7 stiU in track in 1932 

Indaatruetl'ble 

irCAI 

Detroit 

50 1923 

— All renored 1925 acecKtnt being 

damaged bj derailnent. 

surer 

Penna 

Y.MbrrlBrUle,Pa. 

102 1923 6 Teara 98 renored in 1929 

Maine 

BajuA irooa, 

Hudson, Me. 

69 1923 

Ul SUll in track in 1930 

ring Cone, 

Long laland 

Jaoaica Sta. 

35 1924 

Last 32 renored in 1930 

Ulllar 

TSSlaan. 

St. Lonia 

100 1924 

Ul still in track in 1932 

Srem 

Penna 

Varloua 

510 1926 

^8 still in track in 1930 

Isdeatmctlbla 

SotuFao. 

Eonaton, Tex. 

100 1926' 

Last 98 reswred In 1928 

Sroen 

Penna 

Farlona 17296 1927 

16815 atiU in track In 1930 

Doke 

AAXP 

Lonlae, Ca. 

10 1927 

XU still In trade in 1W2 - 

fUlia Cone, 

Penna 


24 1927 4 Tears All reoored in 1931 

Broen 

Penna 

Tario>as 

7582 1928 

7581 still in trade in 1930 

Dalton 

DAS 

Tariona 52886 1928-Sl 

Ul still in track in 1932 

Bcovn 

•RfT.-r 

Oaknont, Pa. 

1500 1930 

1276 still in track in 19®E 
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Appendix C 

(4) TIE RENEWAL AVERAGES PER MILE MAINTAINED 

J. H. Roacfe, Chairman, Sub-Committee; M. S. Blaiklock, S. B. Clement, L. T. Nuckols, 

J. H. Reeder, L. J. Rkgler, S. S. Roberts. 

Tabfe A ami B herewith give the 1031 renewals as reported to the Interstate Com- 
merce Commission, or in the case of the Canadian Railways, as reported to the Com- 
mittee in the same form. 

The tabfes also include the density of traffic figures which were begun two years 
ago. It is believed that these density of traffic figures will be useful when m aking com- 
fmrisons of items of track maintenance other than ties, as well as when ties are the 
subject of imjuiiy. 

Dk year 1931 is the fifth year for which the tie renewal data has been reported as 
in Tables A and B. In accordance with the intention announced when the first year’s 
data was presmted, five-year averages are now included for the first time. 

lliese five-year averages will be found in Table C, and, as reported this year, in- 
clude the years 1927 to 1931. The averages are weighted; that is, they were obtained 
by divkiing total tfes or dollars, as the case may be, by the sum of maintained miles for 
each of the five years. 


Appendix D 

<5) METHOD OF PROPER COMPARISON OF RENEWAL COSTS 
PER MILE MAINTAINED, WITH ADJUSTMENT FOR VARI- 
ABLES SUCH AS TRAFFIC DENSITY, RATE OF INSTALLATION 
OF TREATED TIES, ETC. 


S. E. Chairman, Sub-Committee; S. V. Ardagh, W. C. Bolin, H. F. Brown, R. E. 

Bato-, E. L. Cmgar, John Foley, C. S. Kirlqjatrick, A. F. Maischaider, L. J. Riegler, 
J. H. Roach, S. S. Roberts, L. L. Tallyn. 

Renewal costs of crc^s-ties laM in replacanent per mile of maintained track as 
reported by thfe Committee in Tabk B of Appendix C are afiected by 
A. Number of ties reamwed per mik, which in turn dq>ends upon: 

1. Tk con^tioi^ such as, 

a. Perce®^:^ of untreated ties in track 
h. K md of wood 
€. Kind of tr^itment 
«L &e of ties 

e. Spocmg of ties 

f. Preborii^ aiMl adzing of tks 

2. Road and track conditions, such as, 

a. Grafeat of track 

b. AJtennent of track 
c« Roa(i)ed drainage 

d- KM, mmlition and distribution of balkst 

e. Cc^(£tions afieciing mechanical wear 
(1> W^it of raS 

(2) Tie plate cfaerMm 
<3) Fkle and rail lastenii^ 

f. Frequ^my of rail renewals 

g. FrequoKj of track surfacing 

h. Frequency of regagmg 
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T&BUI B 

VOOinSK OnOfiS luts IAID in RffWCDfflUT (liSISATBD i UNTRSfcTlD) t»l LSaDXNO RA1LH0A.D8 IN ThK UNITBD STATES AND CANADIAN ROADS 

Cftlandar Y*«r Sndsd D«a«ab«r 31, 1931 
HOTEi All figur«« ar« axeluaive of bridge A owitch tlte 



Cel. 6 iB weighted average of ooete shown in columne 3 and 5 of table A* 
b All traoke operated loss trackage rights. 

NOTBi ^ta for U.8. Railroads oompiled from Annual Reporte of CUss I Steam Roads to the 
Interstate Coamerce Coomiesion by Bureau of Railway Xoonomlos. 
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3. Traf&c conditions, such as, 

a. Density 

b. Train speed 

4. Climatic conditions 

a. Temperature, and frequency of temperature^ changes 

(1) Alternate freezing and thawing of the tie 

(2) Heaving of roadbed 

b. Humidity and rainfall 

5. Ca^alties to ties, from extraordinary causes 

6. Business conditions 

7. Policy of management 

B. Average cost of ties used in renewals, which depends upon: 

1. Kind of wood 

2. Size of ties 

3. Source of ties 

4. Commercial freight paid 

5. Cost of preservation 

a. Kind of treatment 

b. Kind and amount of preservative 

c. Seasoning and storage 

Any krge system may have most or all of the above variable conditions, and in all 
ckgrees. The resulting cost per mile of maintained track is, therefore, a composite figure 
which may be compared with a similar composite result from a similar railroad, even 
though some of the variables are different. It would be improper to compare results 
with a totally dissimilar large road, or with a smaller road not having corresponding 
diversity of conditions, without making adjustments. Comparisons between small roads, 
or F^xts of large systems, should give recognition to the position of each in its tie 
renewal cycle. Comparisons of five-year averages will be found more accurate and 
valuable than comparing one-year periods. 

Tl^ Committee has presented information in its reports on traffic density, number 
of ties in track, rate of installation of treated ties, etc., which will be found to be of 
value in making satisfactory comparisons. 

The averages reported in Table B of Appendix C are as reliable for the purpose of 
comparing results on different railroads as most other data commonly used in comparisons 
of <^}erating efficiency. Such averages as ton-mile cost, train-mile cost, ton-miles per 
train hour, car miles per car day, fuel consumption jjer ton mile, and many others, must 
be med with as much judgment as is required with tie renewal data. 

There fe no exact formula, and none is possible, for comparing tie renewal costs, 
bi^ knowdec^ of conditions will enable proper comparisons to be made, and these can 
be of very great bei^fit in determining those tie policies which will be most beneficial in 
a pven ca^. 


Appendix F 

(8) METHOD ILLUSTRATING HOW TIE RENEWALS MAY BE 
PREDICTED UNDER A PROGRAM INVOLVING THE CHANGE 
FROM THE USE OF UNTREATED TO TREATED TIES 

E. L. Crugar, Chairman, Sub-Committee; S. V. Ardagh, M. S. Blaiklock, W. C. Bolin, 
H. F. Brown, R. E. Butler, John Fo^, C. S. Kirkpatrick, A. F. Maischaider, H. C. 
Munson, L. J. Rieglar, J. H. Roach, S. S. Roberts, S. E, Shoup, L. L. Tallyn, 
K. G. Wiffiams, W. W. Wysor. 

Conskferable work has been done duricr^ the year accumulating data and assembling 
it in Ife^trative form but the woi± fe not comf^ete for presentatmn. 

The CoiBniittee reports prepress recoimnenifetion that object be continued. 
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Appendix G 

(9) MOST ECONOMICAL METHOD OF DISTRIBUTING TIES 
FROM TREATING PLANTS TO POINTS WHERE THEY ARE TO 
BE USED 

H- R. Duncan, Chairman, Sub-Committee; R. S. Belcher, Doyle Campbell, H. R. Clarke, 

R. L. Cook, R. S. Hubley, J. E. King, F. C. KreU, L. O. Lower, C. H. MitcheD, 

H. C. Munson, S. E. Shoup, K. G. Williams. 

It is not possible to recommend any one practice as the most economical method of 
distributing ties from treating plants to points where they are to be used that will be 
applicable to all railroads or even to aU plants on one railroad. 

In the past, it was generally the practice to ship the treated ties from the treating 
plant at the time the ties were treated. Frequently this resulted in ties being distributed 
on the railroads many months before they were actually required. Sometimes they were 
held at the points where they were to be inserted in track and sometimes they were 
stacked on station grounds or at storage yards. The storage of treated ties at the treat- 
ing plants was not generally practiced and is a more recent custom where it is npw 
practiced. 

The practice of shipping ties as soon as treated grew out of the lack of storage space 
and the additional cost (at the plant) of stacking and then later loading the ties for 
shipment. Most commercial plant contracts call for an extra payment for this additional 
handling. 

It is usually necessary or desirable to treat at least some of the ties considerably in 
advance of the time they are required in the track in order to spread the treating plant 
schedule over more of the year than the renewal months as well as because ties should 
be treated as soon as sufficiently seasoned (to prevent over-seasoning and po^ble decay), 
and because of yearly variations in weather and other factors, this time when ties will be 
ready for treatment cannot be forecast with certainty. As the time for use is limited 
and fairly well fixed, a certain amount of leeway is necessary. 

Experience with the older plan of shipping from the plant as soon as ties are treated 
has been that unavoidably many ties were distributed to the wrong places and reloading 
and reshipment, or trucking for long (finances on the track, were of frequent occurrence. 
Studies have indicated that considerable economy could be effected by Coring the ties 
after they were treated at the treating plant and then distributing them as they were 
required. 

In some cases where this plan has been adopted the ties have been distributed with 
tie trains. This practice has developed economies that were not thought possible at the 
time the plan was inaugurated. By using a special method of stacking and loading the 
ties, it has been found that they can be very satisfactorily handled on flat cars. This 
results in much simpler unloading on the right-of-way. It has been foimd that it is 
possible to load the ties onto flat cars with locomotive cranes. 

The usual practice of distributing ties with tie trains is to have the train accomimnied 
by tie handlers or with section gangs and the train is usually handled under the super- 
vision of the trainmaster and the roadmaster. The roadmaster has Upping notice giv- 
ing the number of each size of tie on each car and he prepares a memorandum in advance 
which shows the ties to be unloaded from ^ch car between each pair of tdegraph iK)ks, 
or other fixed locations, the effort being to untoad the ties very dose to the exact ^>ots 
where they will be used in track. This results in reducing to a minimum the amount of 
trucking and rehandling to be done by the section men. Experience results in a rate of 
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speed which is satisfactory and which permits the ties to be unloaded almost exactly 
where they are required. 

Careful observ'ation of this method of distributing ties indicates that, if properly 
organized and supervised, it results in economy within that territory adjacent to the 
treating plant, over which trains may be operated at low rates of speed. 

In cases where the territory’ to be served is a considerable distance from the treating 
plant, it is doubtful whether ti^ ran be economically transported on flat cars, although, 
in «>me cases, they can be distributed from other types of open top cars in a similar 
manner, and making similar use of special tie trains. Sometimes special cars have been 
found satisfactory’ for this method of distribution. 

Under other circumstances, it has been found that it is not profitable to use tie 
trains but it has been found desirable to have the ties distributed, a car at a time, by 
way freight, the car being accompanied by section men to take care of the unloading. 
This is a very common and generally satisfactory method and it permits the storage at 
the plant until just prior to use, as well as the loading of the ties into such types of cars 
as will minimize hauling empty cars, and other practices w’hich result in transportation 
and operating economies. 

In all cases, all costs incident to the distribution must be considered in arriving at 
the decision as to method. These costs include the extra handling, if any, at the treating 
plant, the extra cost, if any, due to unloading from unsuited cars, the additional cost, 
if any, of back haul of empty cars, the extra cost of rehandling on the receiving division 
if ties are not unloaded according to “spots’^ etc. 

As the conditions vary so greatly as between difierent locations, your Committee has 
found it impossible to recommend any one practice as being superior and, therefore, has 
endeavored to list some factors that must be given consideration in determining the 
method to be followed in distributing ties from treating plants to points where they are 
to be used. It is the conclusion that a careful study should be made by all departments 
concerned to determine the best method of distributing ties from any individual treating 
plant. 


Appendix I 

(11) TIE RENEWAL PRACTICE, INCLUDING METHOD OF IN- 
SPECTION AND RENEWAL, CHECK OF SUCH INSPECTION 
AND ADHERENCE TO SUCH INSPECTION 

R. S. Bekber, Chairman, Sub-Committee; M. S. Blaiklock, H. F. Brown, H. R. Clarke, 
R. I. Cook, E. L. Crugar, H, R. Dimcan, C. W. Greene, R. S. Hubley, J. E. King, 
C. S. Kirkpatrick, F. C. Krell, L. O. Lower, S. E. Shoup, L. L. TaUyn, J. W. Tate, 
R. C. Young. 

As the first step in the development of this subject, your Committee has sent out 
the following questionnaire. It is recommeiKied that the subject be continued: 

COMMITTEE lU— TIES-SUB-COMMITTEE (11) 

The He Committee has been instructed to develop information pertaining to tie 
raiewal practke, including methods of inspection and renewal, check of such inspection 
and adherence to such inspection. 

To sectire information on this subject, the following questions have been formulated 
and k vM be greatly aK>reciated if you will advise the practice of your road. We hope 
jm will not necessarfly limit your expresaons to your present practice, but in addition, 
gi^ m the benefit of your judgment in these matters, together with any improvements 
you mi^ be made in present practice: 
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1- Do you make field inspection to determine renewals necessary? 

2. Is field inspection made by 

(a) Section Foreman 

(b) Roadmaster or Supervisor 

(c) Special Inspector 

(d) 

3. Are ties to be renewed marked in some manner at the time of inspection? How 
marked ? 

4. If not marked, or in addition to marking, is the number needing renewal re- 
ported by miles, sections, or districts? 

5. Is there a check made of original field inspection? Please describe kind of check 
made. 

6. What has your experience shown to be the tendency in variation, if any, between 
the original survey and the check? 

7. What inconsistencies, if any, do you find in renewal requirements as reported by 
section foreman, roadmaster, etc., for different territories, under similar condition of tie 
timber, track and traffic? 

8. What plan do you follow for tie allotments in cases where authorized supply is 
inadequate to cover amounts determined by field inspection? 

9. Under the plan covered by question 8, how do you develop data to show the 
relative importance of renewals where it is necessary to curtail tie renewals and how do 
you determine where the limited supply of ties is to be used? 

10. Do you make inspection of track and old ties taken out of track, after renewals 
have been completed to determine and avoid extravagant or inadequate renewab? 

11. What latitude do you allow section foremen in removing ties at variance with 
yearly maintenance allotment? 

12. What advantage or disadvantage do you find in the practice of spotting ties 
for renewal? 

13. If field inspection b made by special tie inspectors, to whom do they report? 
Are they accompanied over each Section by the Section Foreman, and if not, by whom ? 

14. From what line of work are special tie inspectors recruited? 

15. How are they trained to secure uniform and satbfactory inspection? 

16. What difficulties, if any, do you find in reconciling differences in judgment as 
to tie renewab between special inspectors and section foremen who are r^>onsible for 
the safety of track? 

17. What advantages and disadvantages has the plan of special tie inspectors for 
determining the number of tie renewals over other plans? 

18. To what extent do you use statbtics for the determination of tie renewab? 

19. What are the advantages and disadvantages of the use of statistics other other 
plans? 

20. If statbtics are used, how do you adju^ for abnormal conditions in the previous 
renewab, especially with reference to newly constructed lines? 

21. Do you consider that the pbn of using statbtics gives more economical results 
in the use of ties? 


Appendix E 

(7) ECONOMICS OF THE USE OF 8-FOOT 6-INCH AND S-FOOT 
TIES AS COMPARED WITH 8-FOOT TIES 

J. E. King, Chairman, Sub- Committee; M. S. Blaiklock, W. C. BoKn, E. E. Chapman, 
S. B. Clement, R. L. Cook, C. W. Greene, L. J. Riegler. 

As indicated by previous report, the Committee b of the opinion that further data 
can be secured which will permit establishing reasonably correct limitations within whidh 
the different lengths and sbes of ties may be economica l ly used. 

It b the pbn of the Committee to establbh one or more test sections of one mOe 
each where new track b being constructed, instalHng 8-foot ties in one-third mile, 8j4-foot 
ties in one-third mile, and 9-foot ties in one-third mile, comparing and studying main- 
tenance costs. 
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Business conditions, however, have prevented the establ^ment of such test sections, 
and it is recommended that the subject be continued, with the view of establishing test 
sections as early as practicable. 


Appendix H 

(10) ECONOMICAL USES FOR OLD TIES WHICH MUST BE 
REMOVED FROM TRACK AND BRIDGES— A, TREATED; B, 
UNTREATED 

H. R. Clarke, Chairman, Sub- Committee; R. S. Belcher, H. F. Brown, Doyle Campbell, 

E. E. Chapman, S. B. Clement, R. L. Cook, C. W. Greene, R. S. Hubley, J. E. King, 

C. S. Kirkpatrick, F. C. Krell, L. 0. Lower, A. F. Maischaider, J. H. Reeder, J. W. 

Tate, K. G. Williams, R. C. Young. 

The Committee understands this assignment to refer to ties which for various reasons 
must be removed before they are unfit for continued economical use in their original 
locations. 

It is the opinion of the Committee that the greatest economy can be realized by 
kaving a tie in its original location if possible until it is so decayed or mechanically worn 
that no further service can be had from it. 

The two most common causes for release of ties while still serviceable are: first, 
abandonment and taking up of track or filling of bridges; second, mechanical wear which 
has progre^ed to a point where a tie no longer gives satisfactory service and support in 
heavy-duty track. Under these conditions ties are released which may again be used 
with economy. 

When tracks are abandoned and taken up or bridges are filled, ties in all stages of 
service and consequent condition may be released. It is recommended that such ties be 
carefully inflected and sorted and those e^imated fit for at least five years’ service be 
again installed where similar ties are located. Generally, second-hand ties have had their 
original quality lowered and should be used in the less important tracks where ties of 
such character are suitable. 

Becai^ of the cost of installing them, it is not considered economical to reuse ties 
unfess they will have an estimated fife of five years in their new location. 

The rmoval of ties from high-speed, heavy-traffic lines is at times necessary on 
account of mechanical wear, even though little or no decay has developed, and in loca- 
tiems ^ch as through tunnels, station platforms and on ballast deck bridges, where re- 
newal of all ties periodically is economically justified, some ties suitable for further use 
are reka^ Such ties may be reimtalled to advantage in yard and side tracks and on 
l%ht traffic branches, after the inspection and under the service stipulation recommended 
above in the case of ties rdeased by taking up track or fillin g bridges. 

When tks are reused, they should be put in track with the same surface up as in 
the or^jnal location, and all ^ike holes completely filled with treated tie plugs. When 
satisfactory new bearh^ cannot be provided by carefully adzing the original top of the 
tie, k maLj be turned over. Creosote (preferably hot) should be applied to all newly- 
esposed surfaces. 

In tte case of track ties which cannot be reinserted under the above specifications, 
the following possibk uses are suggested: 

1. Fehce. Posts. A tie removed on account of mechanical wear or because badly 
^Ik w:y coikain suffid^ sound wood to make a satisfactory fence post. A large tie 
he so as not to reqtdre excessive diggii^ in order to set it. Splintered or 
decayed wood should be trim m ed off to retard further decay and reduce fire danger. 
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Short posts for intermediate use in woven-wire, hog-tight fence can frequently be 
made by sawing off the decayed or shattered ends of ties. 

The cost of preparing, handling and setting old ties as posts may compare favorably 
with such expense for posts of other types only when old ties can be used near where 
released, and so result in minimum expenditures for handling and shipping. 

2. Narrow-gage Ties. Cross-ties removed from standard-gage tracks may be 
shortened and used to advantage in narrow-gage tracks of repair, material, ot seasoning 
yards. 

Switch ties may often be cut to a shorter length or to cross-tie length with decided 
economy. 

3. Retards or Deixection Dams to Prevent Erosion. Old ties set on end, either 
solid or spaced as the result desired requires, will last for a number of years in con- 
trolling erosion and in diverting water. 

4. Cribbing of Crib Walls. (Bridge-ties are more suitable than cross-ties) . 

5. Runways or Pa\tng on Motor-car Setoffs. 

6. Paving Stock Yards, where more permanent paving is not justified. 

7. Scrap Bins at section tool houses. 

8. Kindling for starting fires in locomotives. A careful record and check on the 
cost of piling, picking up, hauling and preparing is necessary for comparison with other 
material for this purpose. 

9- Mud Sills under stacks of ties or other material along the right-of-way. 

10. Excbcange with adjoining landowners for such work as grading, plowing fire 
lines, mowing weeds, etc. 

11, Sale to adjoining landowners for fuel or other use. 

Bridge-ties removed on account of mechanical wear may be used in all of the above 
ways. On account of their large dimensions, they are particularly suited for use as 
stock-yard posts, gate posts, etc. 

The above recommendations apply particularly to treated ties. In general, the same 
uses may be made of untreated ties under the same restrictions. As the further service 
that may be expected from an untreated tie is reduced to a greater extent by moving it 
than in the case of a treated tie, more careful calculation is necessary when consideration 
is given to their reuse. Consequently there is less opportunity for economical use of 
second-hand untreated ties. 

The Committee wishes to suggest that the use of second-hand material can be, and 
frequently is, overdone, for the tendency seems to be to use it where it is false economy 
to do so. Therefore all cost factors must be carefully considered. 
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Committee. 

To the American Railway Engineering Association: 

Your Committee presents herewith report on the following subjects: 

(2) Standardization of parts and accessories for railway maintenance motor cars 
(Appendix A). It is recommended that this report be adopted for publication in the 
Manual as recommended practice. 

(4) Types of snow-melting devices as an aid in facilitating train operation and 
reducing maintenance cost (Appendix B). This report is submitted as information. 

(5) Use and adaptability of track type tractors in maintenance of way work 
(Appendix C). This report is submitted as information. 

(9) Organization for the use of tie-tamping machines, air and electric (Appendix 
D). This report is submitted as information. 

(12) Tie adzing, scoring and boring machines (Appendix E). This report is sub- 
mitted as information. 

(13) Use of ditching-spreaders (Appendix F). Submitted as information. 

Progress is reported on the following subjects: 

(1) Revision of Manual. 

(3) Adaptability of air and electric driven tools in railway maintenance of way 
work (track grinders). 

(6) Methods of keeping data on work equipment and labor-saving devices. 

(7) The selection and training of maintainers and operators of work equipment. 

(8) Use of ballast discers. 

(10) Rail laying machines and auxiliary equipment. 

(11) Use of weed destroying equipment, including horse-drawn and power mowers 
operating both on and off the track. 

(14) Manual of instructions for care and operation of maintenance of way work 
equipment. 

(15) The use and maintenance of paint spraying equipment with outline of typical 
organizations for various classes of work. 

(16) Organization for the use and maintenance of ballast cleaning machines and 
conditions under which each particular type may be used. 

(17) The use of oil spraying machines for oiling rails and fastenings, steel structures 

and roadbed. Respectfully submitted. 

The C02CMXTTEE ON Maintenance of Way Work Equipment, 

C. R. Knowles, Chairman. 

Bulletin 35 1, November, 1932. 
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Appendix A 

(2) STANDARDIZATION OF SECTION DUTY MOTOR CAR PARTS 

AND ACCESSORIES 

G. R. Westcott, Chairman, Sub-Committee; Walter Constance, Paul Hamilton, T. H. 

Harr^ Jack Largent, E. H. Mills, E. H. Ness, C. H. Ordas, J. G. Sheldrick, F. M. 

Thomson, N. M. Trapnell. 

As a continuation of the studies that have been made in the last several years, re- 
sulting in recommendations that have been accepted by the Association covering designs 
for wheels, axfes, couplers, safety rails, tool trays, frame bolts, gasoline lines, windshields, 
rail skids and extension lifting handles, for use on motor cars, your Committee has this 
year given further study to the subject of fuel line connections and has also considered 
sizes of cord belts, gas tanks, brake shoes and ignition systems. 

In making this study, information on the practice of different manufacturers, as 
well as the views of a number of railway representatives having experience in the main- 
tenance of motor cars, has been conadered. 

Progress is also reported on certain details of fuel systems, lubrication of chassis, and 
%nition systems, not heretofore considered. 

The foBowing is offered as recommended practice: 

1. Gasoline lines shall be annealed copper tubing of not less than No. 19 B.W. 
gage in thickness, having 54 in. outside diameter. Gasoline line connections shall be of 
lacking type {see Fig. 1) with 5^ in. pipe thread in. diameter, 27 threads per inch, 
Natbnal taper pipe thread) on one end and in. SAE standard free fit thread (54 in. 
diameter, 20 threads per inch, National Fine Series, Class 2 fit) on the other end. 

2. On belt driven cars, belts of the endless cord type are desirable, and where prac- 
tkabk lengths of 97 inches or 10354 inches should be used. While an endless cord belt 
354 mches wide is adequate in strength for section motor car service and is stronger 
than a 4-mch laced belt, the fact that the latter has 14 per cent greater friction surface 
on the pulley must be conadered in choosing the proper width. 

^ 3. ^ GasoliBe tanks should be made of not less than 22 B.W. gage terne plate, be 
cylimlrical or oval in shape with concave or convex ends, and seams locked and soldered. 
Filkr should be in. inside diameter equipped with bayonet type cap having 

gasket and inner cone, ^ in. vents being provided in cap and splash cone. 

4. Where brake blocks of wood are used, they shaff have facings of cast or malle- 
abk iron not ks than 54 inch thick, bolted to the blocks with 54 inch bolts. These 
facii^ diaH be properiy hmikted where necessary. 

5. Spark jffugs shaD have 54 in. tapered pipe threads (54 in. diameter, 14 threads 
per mch, Natmnal taper pipe thread) with tolerance such that plug will screw into a 
Pratt aiKl Whiti^y or Bi%s gage, by hand, so that the bottom of the threaded portion 
lacks frmn % turn to 154 turns of being flush with the face of the gage. 

Action Recommended 

1 . lliat tl« above ^jedfications 1 to S inclusive, together with Fig. 1, be adopted 
as recommended practice for indiBion in the Manti s 1 
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Fio» 1 . — Gasoline Line Connections. 
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Appendix B 

(4) TYPES OF SNOW-MELTING DEVICES AS AN AID IN FACILI- 
TATING TRAIN OPERATION AND REDUCING MAINTENANCE 
COST 

F. S. Hewes, Chairman, Sub-Committee; J. F. Donovan, C. L. Fero, A. I. Gauthier, 

W. R. Gillam, R. C. Haynes, L. B. Holt, A. J. Neafie, E. Pharand. 

Introduction 

Snow-melting devices aid in facilitating train operation and in reducing maintenance 
co^. There are various types to meet the requirements of different localities. Informa- 
tion is presented in this report on these three features; preceded by a general discussion 
and follow^ed by a list of manufacturers and of railroads using the various devices, 
bibliography, and by the conclusions. 

It is the purpose of this repKirt to consolidate information secured from publications, 
railroad users and manufacturers. No doubt, additional data will be available as these 
mekers come into more general use, and it is thought that such should be incorporated 
in supplementary report or reports. 

General Discussion 

It is considered that the assigned subject of this report relates principally to the 
protection of tracks from snow. This includes, generally, ordinary and spring switch 
points, slip switches, split point derails, movable point crossings, car retarders, etc.; all 
of which have moving parts that are interfered wdth by snow. For ordinary trackage 
necessary to be freed from snow, other methods outside of this study, are used. 

Another side to the subject is the protection of station and other platforms, runways, 
driveways, and movable parts of bridges. Here the problem is different and the same 
methods cannot be followed as for the track. 

For track layouts, snow-melting devices that use steam, oil, gas or electricity for the 
heat agency, are placed at or applied to the movable parts to remove the snow as it falls 
or drifts.^ For platforms, etc., the chief means other than shoveling, plows, etc., is to 
iKe d^micals. These are not so effective for track. 

Until about fifteen years ago, few snow-melting devices were in use; consisting prin- 
cipally of steam jets on locomotives, steam coils, salt, and the burning of either hydro- 
carbon oil or kerosei^. As labor became scarcer and traffic heavier, a demand was 
created for further developments to replace manual methods. This was in common with 
the growing trend to use all other kinds of successful maintenance of way work equip- 
Vnm five years ago, the development of snow-melting devices was slow, but 

then it has been comparatively rapid. 

The increas^ importance of train ^d, dependability of operation, and lessening 
of expenses durii^ recent years, have tended to enhance the value of snow melters at 
^rategk points of important terminals subjected to delays due to snow. All such delays 
cost money and are not a good advertisement, nor do they gain any good-will from the 
puhKc. Accumulations of snow and ice at terminals may delay traffic over adjacent 
portions of the fine. 

So far, the Chicago area seems «to have used more melters than colder sections of 
the United States and Canada. This is likefy due in part to it being the largest railroad 
cesiter, but the geographical location seems to have its effect. Most of its snowstorms 
occur at a temperature from 10 degrees below freezing to about freezing, and seldom 
last over two days. There is a sufBcient interval to clear up one storm before another 
comes. 
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Farther north, or in higher altitudes, where the snow accumulates all winter and 
the temperatures are low, the melters have been less successful. They produce water 
from the melted snow and unless the drainage is good, there is a large accumulation of 
ice just outside of the effective limits of the melters. 

In determining whether or not snow-melting devices of other than the simplest 
kinds should be used, and the best type and capacity for the location, study may well 
be made of the following: 

Experience of other railroads 

Cost of melters plus installation and maintenance of same as compared with cost of 
manual methods 

Delays and injuries under manual methods 

Track layout 

Clearances 

Space available for underground pipes or conduits or overhead wires 
Importance and volume of traffic 
Speed of trains 

Dependability of train operation 

Rapidity and amount of snowfall 

Wind velocity during snowstorms 

Temperatures during snowstorms 

Cycles of thawing and freezing 

Drainage of piping systems and melted snow 

Sufficient, reliable and economical supply of steam, oil, gas or electricity 

The Weather Bureau records nearest the location considered may profitably be con- 
sulted for ten years back. It will generally be found that the storms were not as severe 
or as frequent as one’s memory would indicate. 

Other features to be considered: 

For open flames of all kinds: 

Possible damage to rolling stock or contents, insulation, rail 
Fire hazard 

Hazard of injury to employees 
Smoke may obscure signals 
If steam is used: 

Feasibility of installing underground pipes 
Condensation to be provided for 
Escaping steam may obscure signals 
Full head of steam not always available 
If oil is used: 

Fire hazard and wastage in storage of winter supply 
Feasibility of installing underground pipes 
If gas is used: 

Feasibility of installing underground pipes 

Large pipes to guarantee sufficient gas at times of storms, due to increased use 
elsewhere and contraction in cold weather 
Moisture in gas 
If electricity is used: 

Cost 

Feasibility of installing overhead wires or underground conduits 
Facilitates Train Operation 

Dependence on manual labor to keep tracks and track structures open to traffic at 
time of severe snowstorms results in a large expenditure for extra laborers and usually 
delays to train movements are general, rather than the exception. 

The savings in train operation due to use of snow-melting devices is difficult to 
express in money, but comparison of delays between terminals in the same locality, with 
and without such devices, may be had; also, comparison of operating conditions in the 
same terminal, before and after installation. 
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For in^nce, installations of snow-melting devices at a certain Chicago tenninal 
proved their value on two recent occasions, December, 1929, and March, 1930. This 
terminal was quite fully protected with modem devices and was practically the only 
layout in the same locality that provided for all train movements without interruption 
and with practkally no delay. Such delays as did occur were the result of conditions 
out^de of the terminal area. Other transportation agencies were either completely para- 
lyzed or so seriously handicapped that they just escaped complete interruption to their 
service. Some trains were up to seven hours late, and some roads had to discharge their 
passengers ^ or seven miles from their downtown terminals. 

The March, 1930, storm had a record-breaking snowfall of 19 in. in 48 hours, with 
a 35 mik wind, and temperature of 23 to 32 degrees Fahr. In March, 1931, the Chicago 
ar^ had a fall of 16 in. in 39 hours, accompanied by a 43-mile gale, thus drifting the 
snow badly. The temperature was from 26 to 33 degrees. During the first mentioned 
^orm, the railroads, in most cases, had to abandon their passenger train schedules, as 
indicated above. During the latter storm, passenger trains of most railroads arrived 
and (feparted with practically no delay. The reason for this difference in operation was 
due, piindpally, to the abandonment of hand methods of clearing switches and the in- 
stalktion of snow-melting apparatus at key positions. 

Umier manual methods, it had been customary during severe storms to abandon the 
use of freight tracks leading to a Chicago terminal and concentrate all efforts on keep- 
ing the passenger tracks open, yet delays to passenger trains were numerous and derail- 
ments common. After installation of snow melters, no difficulty was experienced in 
kstms all tracks open during the period of the March, 1931, storm; there were no 
train delays chargeable to the operation of the interlockers and no derailments. 

A Chicago freight terminal, during recent severe snowstorms, has kept its hump 
yard c^ration uninterrupted by using weed burners to dear the car retarders; while 
the operation of amilar installations in other yards, not protected by melting apparatus, 
had to be su^)ended. 


Reduces Maintenance Cost 

Before the general use of snow melters, it was the universal practice to hire a large 
force of extra laborers to keep the tracks open at strategic points, by use of shovels 
brooms. Such labor is usually unsatisfactory, requires an unusual amount of super- 
v^n and risk of accidents is greatly increased due to the many men on the track, poor 
v^ffiy, and the necessity for the men to be bundled up— particularly having thek ears 
it frequently is the practice to pay off such labor at the end of each 
day^s work, which increases the work of timekeepers and derical forces. 

^ January, 1918, some of the worst snowstorms in Chicago occurred, 42 5 in 

temperature was 

h<m U aero to 31 above and the maximum wind was 44 miles. One 

railroad with a lat^ terminal (about 2200 switches and 85 double sBps) found it 
necessary to hue the following extra men in addition to its regular force: 


Jan. 1 193 

2 170 

3 192 

4 96 

5 96 

6 704 


Jan. 7 615 

8 1056 

9 1340 

10 1155 

11 1130 

12 575 


Jan. 13 1575 

14 1575 

15 1015 

16 1015 

12 780 

Total men-days 13282 


a to ^w makers cohH have eliminated aU of this labor, but 

snc^ wow Imve reduced it greatly. 
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During the March, 1926, snow, several Chicago railroads each hired about 500 outside 
men, augmented by a larger number from their mechanical and freight house forces, but 
with all this, train service was paralyzed. 

In March, 1931, when Chicago had a snowstorm of 16 in. in 39 hours, one railroad 
used 4000 oil-burning pots to protect 237 main track switches, 4 single slips and 41 double 
slips. It required only 80 men to tend and refill these, as compared with 736 men with- 
out this equipment. Maintenance saving is estimated at approximately $7000, including 
labor and all supplies, such as oil, brooms and shovels. This represents for this one storm 
a saving of over 40 per cent on the investment. 

During this same storm, the same road used its regular section force of 35 men and 
3 weed burners to clear 514 switches and 200 retarder units. One weed burner broke 
down and it was necessary to rush 80 extra men to take its place in keeping the 
switches clear. 

At the same time, a Chicago passenger terminal had 31 double slips and 19 switches 
equipped with 3318 gas burners. The previous year, only 4 double slips were protected 
by gas melters, but 2 single slips and one switch had steam coils protection. The 1931 
expense of clearing the terminal of snow w^as $2000 less than for 1930, and no extra labor 
was required. 

At an important interlocking layout in Chicago, where one railroad’s four main 
tracks cross a like number of another’s important main tracks, there were no melters 
used in 1929 or 1930, but during 1931, 2000 gas burners were in service to protect 25 
switches, 9 double slips and 14 movable point crossings. Comparing the March, 1931, 
storm with that of March, 1930, a saving of approximately $2800 was realized on main- 
tenance for one storm, representing approximately 17 per cent on the original installed 
cost. This saving considers all labor and supplies for each storm, including brooms and 
shovels or cost of gas consumed. After installation of these melters, the regular force of 

8 to 20 men were used instead of 150 to 500 formerly required. 

Snow melters were not used elsewhere in the Chicago area of the above road and 
during the March, 1931, storm, the regular force of 100 men was increased by 1800 
outside laborers. This was to take care of approximately 2000 switches. 

A neighboring railroad is now able to cope with the snow with a maintenance force 
of 29 men during severe storms where formerly 850 were needed, due to protectmg 49 
turnouts, 31 double slips and 3 single slips with 4882 melters. This same road estimates 
they save $55 per switch each year, representing 30 per cent of the inched cost, where 
these turnouts are protected by gas melters. 

The experience of a Chicago electric road during a snowstorm in March, 1932, when 

9 in. of snow fell, is another endorsement for snow melters. The saving by using gas 
at one of their yards during this storm resulted in a saving which amounted to 20 per 
cent of the investment when compared to the cost of combatting the 19 in. sik>w of 
March, 1930. Man-hours were reduced from 5964 to 1123. 

A New England railroad has equipped 100 of its switdies in a terminal with fixed 
oU-buming melters using snow-melting oil. During a recent e%ht-hour snowstorm, a 
saving of approximately $280 was realized. This represents about 4 per <^t on the 
installed cost for this one storm. Nine men were used where formerly 100 to 150 were 
required. 

This same road, at another terminal, with the same kind of devices on 50 switches, 
used only 3 men, where 75 to 80 were necessary at previous severe snowstorms. 

Another road has 15 switches at the throat of a tunnel protected fey mdters of the 
same kind, and uses only one man and one gallon of oil per hoUr per switch, during 
storms. 
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One railroad with 397 pot type oil burners reduced its maintenance cost $1240 dur- 
ing the first winter, representing about 50 per cent on the installed cost. 

U^g one of the smallest model weed burners, a northern road made a decided 
saving over manual methods in removing a 4 to S in. snow, which in places had drifted 
up to 18 in. Sixty-seven switches, 3 double slips, 2 railroad crossings, 1 highway cross- 
ing, and 3 miles of track were flanged in 4 hours including delays due to train move- 
ments which amounted to an hour and fifteen minutes. There was a total of 12 man- 
hours as compared to 176 which, based on previous experience, 'would have been required 
by manual methods. Two hundred and fifty ^llons of fuel oil were used by the weed 
burner. 

A Chicago passenger termi n al equipped with gas snow melters, has just about paid 
for this apparatus, during the three severe snowstorms, since installation. 

Types 

Snow-melting devices may be grouped as follows: 

Chemicals: 

1. Salt 

2. Calcium chloride 

3. Patented powders 

Heaters: 

Portable: 

4. Snow-melting cans 

5. Torches: self-generating 

6. Torches: vacuum 

7. Weed burners 

8. Steam jets on locomotives 
Semi-portabfe: 

9. M burning pots or boxes 
Fixed: 

10. Steam coils under switches, etc. 

11. Steam pipes in pits 

12. Oil melters: intermittent spraying 

13. Oil melters: constant burning 

14. Gas melters: hand lighted 

15. Gas melters: electrically ignited 

16. Electric melters: radiation 

17. Electric melters: contact 

18. Electric melters: combination radiation and contact 

PoDowh^ is a brief description of each group and device in the order listed: 

CBemicals: CJieinicals have a pronounced effect on the lowering of the freezing 
point of the resulting solution and are one of the most widely used 
agents in the removal of ice. Their special field is the removal of ice 
from ifetforms, runways, etc, but they have also been used around 
switdies, etc. In warmer regions where formation of ice is rare, they 
are probabfy the only economical melting agent. They are generally 
effective in sleet storms, but are not of much force for snows. The 
ordinary diemical melters are low in cost and are readily procured. 
They are aH ea^ applied. Corrosion is accelerated when the com- 
monly Msed (hemical s come in contact with metals, they have a deterio- 
ratmg effect on electrical insulations and are liable to short circuit elec- 
trical circuits. 
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1. Common salt is the most commonly used chemical and is cheap. It is not 
effective where the temperature falls much below the freezing point of water. 

2. Calcium chloride costs about two-thirds more than salt, but is effective to lower 
temperatures and is not so corrosive. 

3. Nivosal is a patented snow-melting powder w^hich is effective to much lower 
temperatures than either of the above. It not only lowers the freezing point of the 
resulting solution to twenty degrees Fahr. below zero, but generates considerable heat 
in going into solution. As it has no corrosive action on metal, it can be used where 
other chemicals cannot. Because of its higher cost, greater care must be exercised in its 
use to secure the most economical results. Skin burns and damage to clothing are liable 
to result from careless handling. It is imperative to keep the powder sealed from expo- 
sure to moisture when kept in storage. 

Heaters: Heaters include all snow melters other than chemicals. The heat agencies 
used are steam, oil, gas, and electricity. The characteristics of the various 
types vary so widely that no general remarks are applicabk to the class 
as a whole. Sketches of most of the different types are included in this 
report. Where a track layout is shown, it is that of a typical interlocked 
turnout switch, 16.5-ft. long. The number and location of these melters 
may be altered due to climatic or other local conditions. For switches 
of other lengths or for more complicated track structures, such as slip 
switches and car retarders, modifications of the installation would, of 
course, be necessary. 

4. Snow-melting cans are used to pour a flaming fluid onto the snow or ice to be 
removed. The unit usually consists of a three-gallon can having a pouring tube about 
3 ft. long equipi>ed with a pilot wick on the discharge nozzle, which ignites the fuel im- 
mediately upon it leaving the nozzle. The pilot wick continues to bum for some time 
after the flow of oil is shut off, avoiding the necessity of relighting in moving from place 
to place. A valve with a handle extending to the top of the can is used to regulate the 
flow of fuel. The fuel used is a highly inflammable low-flash oil, such as casing-head 
gasoline, low pressure hydro-carbon or special snow-melting oil. Snow-melting cans are 
particularly adapted for light snows or ice formation, especially around interlockings and 
outlying switches. They are not an efficient method of removing heavy snows and their 
efficiency is further impaired by strong winds. Care must be exercised to prevent burn- 
ing of timbers, trunking and insulations. 

The two types most commonly used are the Greer and the Protectoseal, which are 
briefly described as follows, in addition to the above general description: 

The Greer Safety Can has baffle plates in the nozzle to prevent explosions and back- 
ing up of the flame. In addition, it has an automatic check valve, which prevents the 
flow of fuel until the pouring tube has been tipped to an angle of 45 degrees. A vent in 
the filling cap serves as a vacuum breaker and a pressure relief. This vent is also pro- 
tected with a baffle plate. A double cylindrical brass strainer 6 in. long is inserted in the 
filling cap. This strainer serves to minimize the danger from explosions. The nozzle k 
asbestos wrapped (Fig. 1). 

The Protectoseal Can is simila r to the Greer except it has a combination brass torch 
and nozzle, and does not have either the baffle plates or the automatic check valve. 
However, safety is assured by the insertion of a fire screen at the nozzle and a douhfe 
cylindrical strainer at the filling cap. 

5. Self-generating torches differ in principle from snow-melting cans in that the 
liquid is forced by pressure developed by a hand air-pump into a pr^ieated burner 
where it is burned. In this type of torch the Equid does not bum on the snow; 
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melting is accomplished by contact with heat from the flame. The fuel used is generally 
kerosene. The flame usually has a temperature of from 1600 degrees to 1800 degrees 
Fahr., and varies in size from 2.5 in, by 25 in. for the smaller burners to 4 in. by 35 in. 
for the larger ones. Fuel consumption ranges from one-half to three gallons per hour 
per burner. The average life of the unit as a whole runs from 5 to 10 years with a much 
shorter life for the burner, probably 1 to 3 years. Maintenance charges will run about 



10 per cent of the cost of the unit per year. This type of torch is espedaUy adapted for 
^ m cleaning up after the bulk of the snow has been removed by manual methods, 
pere usually remains, after a general clean up, small accumulations of packed snow or 
interfere with the operation of various switch and interlocking 
cannot be readily reached by brooms or shovels. In such cases the torch comes 
m very handy. They are not efficient in the removal of large quantities of snow and 
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strong winds impair their efficiency. These torches develop a higher temperature, are 
under better control, the fuel (kerosene) is more readily procured, and they are safer to 
handle than snow-melting cans, and being self-contained are more flexible than the 
vacuum torches. Incidentally these torches are in general use for other purposes, e^- 
cially at car repair shops, and are readily available. Their disadvantages are the large 
number required with the consequent increase in labor to handle, and the fact that as 
they are of the self-generating type, they are subject to carbonization. 

There are three types of these torches as follows (Fig. 2) : 

(a) Burner fastened directly to a 1.5 to 3 gallon tank. 

(b) Burner connected to the tank by a flexible hose, the tan^ 3 to 5 gallon 

capacity being small enough to be conveniently carried in one hand 
while using the other to manipulate the bumer. 

(c) One or more burners connected to a comparatively large tank (10 to 20 

gallons) by means of flexible hose. 

There are a number of different makes of this type of torch; namely, Buckeye, 
Chausse, Hauck, Littleford, Mahr and Unique. 



Fig. 2. — Sexf-Generatdtg Torches. 

6. In the vacuum type torches, there fe no pressure on the oil in the tank. Air 
pressure suppKed to the burner creates a partial vacuum in an independait fi^ Mne, 
which draws the oil to the burner. Should either the air or fuel line be cat, the o3 
flow stops instantly as the suction ceases. Each burner is attached to the tank (which 
may be any convenient oil barrd or tank) and to the source of comprei^ed air by iiKie- 
p^dent flexible hose lines. The torch operates on fuel oils, dfetfllates and all li^to: oils, 
burning from 1.5 to 14 gallons of fuel pw hour and requiring from 5 to 40 cu. ft. of air 
per minute at a pre^ure of from SO to 100 lb. The advantages of the vacuum torch 
over the self-generating types are a greater degree of safdy, a laiger ami hotter 
flame (flame runs up to 60 in. in laigth), they are more substaMial, do not car- 
bonize, are more easily ignited, and do not require a specbify constructed fuel container. 
Like the self-generating types, they are in somewhat genaral use for other purposes. 
Their rhiVf disadvantage is the fact ihat they can be used only where a source of com- 
pressed air is available. Generally, manufacturers of the self-generafh^ torches also 
make the vacuum type (Eg. 3) . 
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7. OT-bimdng weed burners have been used to clear switches, etc., of snow and ice 
aiKi have proven e^>ecially effective in keeping car retarders clear. While the regular 
weed burner nozzles have been used in the past, special nozzles for snow melting have 
recmtly been developed. The new nozzles are capable of burning twice the amount of 
oil t^ually used in weed burning and are so constructed that the air for combustion is 
preheated to a temperature of from 250 to 3CX) degrees. These nozzles may be set to 
throw the Same jmrallel to or at right angles to the track as conditions may dictate. 
It is possible to manipulate the burners to reach any point within a distance of 25 ft. 
from the center of the track occupied, thus permitting 3 tracks to be cleared while occu- 
pying only one. The advantages of using this type of melter is its flexibility in opera- 
tion ard the fact that it extends the working period of the weed burning equipment. 
The disadvantages are the liability of interference to train movements and the fact that 
the roar of the flame may prevent the operator hearing signals. The principal makes 
used for snow-melting are the Fairmont and the Woolery. 



Fig. 3.— Vacuum Torch. 


8. Steam jets on locomotives are not truly snow-melting devices because the greater 
benefit is secured by blowing the snow away by the force of the jet, but there is some 
meMng. The hDcomotives are equipped with a system of smaU nozzles placed across the 
tracks and cbse to the rails, taking steam from the dome. One design deans each rail 
■dale anotte cleans the entire width of the ties. Under ordinary conditions a locomo- 
tirc so equqqted wfll dear about 20 switches per hour. Traveling 3 to S miles per hour 
they are effective in ckarii^ snow 12 to 14 in. deep. The cost of equipping a locomotive 
win run from ?30 to $100. The advantages of this method are its fleribUity, the ease of 
equqii^ the loramotive and the fact that a locomotive would generally always be 
aroife^ at terminals whae there would be a large number of switches to be cleared. 
TI» dsadvantages are that the flying snow and dirt are a hindrance to vision besides 
oovw^ evayth^ in its range, the slush formed may later freeze, the noise from the 
escamg steam is an interference to audible agnab, and at heavy traffic points, thb 
complkates the movements of trains in their occupancy of tracks. Cinders and 
haBast ma^ sorMtimes be swept off slide pktes before switches can be thrown (Fig 4) 

_ 9. Oil burning pots or boxes are (fcsignated as semi-portable and are nonnaffy set 

mpo^km when the storm approaches and removed at its subsidence. When left in 
^ ^ Me liable to becoiM dogged with dirt and dnders. However, the newer types 
have been designed to permit remaining in place the entire winter and some roads are 
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now following this practice. They bum kerosene or amilar oils, and are placed under 
the rail between the ties. The proper fuel is a matter of great importance to their suc- 
cessful use. Some oils result in so much heat that the oil boils over, while others are 
difficult to ignite. They have come into quite general use due to their low cost, their 
effectiveness, and the fact that they can be handled by ordinary labor. The disadvan- 
tages are the expense of refilling, the possibility of the flame and smoke obscuring signals 
and the fact that they are very dirty. In addition, the flames may be injurious to 
rolling stock and unless special protection is provided, they may bum the ties. In high 
winds they are liable to be blown out. 



Defaif of cross ptpt 

Fig. 4. — ^Locomotive Equipped with Steam Jets for Snow Melting. 


There are several types of these pots as follows: 

(a) Open wickless pots are either cast iron pots or 4 or 5 in. sections of 4 in. pipe 
having a plate welded to the bottom. One filling will last about 2.S hours and it is 
necessary to use a special can to fill them if they are to be filled while burning. Very 
few of these are now being used. 

(b) Servrite: This is a special cast iron pot with a system of flues cast along the 
circumference. These flues are open to the atmo^here near the base of the pipe and 
open into the pot near the top. It is claimed that this construction reduces the liability 
of the flame to be extinguished and as a consequence less labor is required to attend them. 
Very few of these are now being used. 

(c) Winter King: Consists of a steel box 18 in. by 4.5 in. by S.S in. high (phis 
additional 2 in. for flanges). This box has a capacity of about 1.5 gallons, sufficient for 
about 9 hours of ordinary operation. A combustion or wick chamber about 3 in. by 
4 in. by 5,75 in. high is inserted at the flanged end of the box and as it extends about a 
quarter of an inch above the top of the box, water does not drain into it. The wick 
chamber is packed with either asbestos or mineral wool, and has a series of vertical slots 
extending upwards from the base for the admission of the fuel A sliding cover with 
thumb screw attachment permits regulation of the heat and in addition may be used to 
seal the wick chamber against accumulations of dirt when not in use. A flange on each 
side of the opening maintains the proper distance between the heater and the bottom of 
the switch point and is intended to protect the ties. In the top of the fuel chamber, 
there is a small opening with a self-closing cap for filling. Since this opening is removed 
from the flame, there is no necessity for using a g>ecial fi llin g can even when the melter 
is burning. Experience has shown that it is better to place the combustion chamber di- 
rectly underneath the running rail, rather than untfer the ^ce between the running rail 
and the switch point (Fig. 5). 
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(d) Protectosed: Somewhat similar to the Winter King. While the dimensions of 
the box vary somewhat, the capacity remains the same. A round wick is enclosed in 
^}ecial hoiking which extends above the top of the box and is provided with vent holes 
at the ade and a sliding cover over the top (Fig. 6). 



ELEVATION 


Fig. S.*— Winter King Snow Melter. 


Snow-melting devices, numbers 10 to 18, are classed as fixed, because they are 
normally inched in the fall and removed in the spring- However, some of the electric 
melters are left in place the year roimd. The cost of equipment, installation and opera- 
tion of fixed melters, is usually higher than other types, but as a rule they require less 
attrition during operation. 



EiLZVATlON 


Fig. 6.— Protectoseal Snow Melter. 

10. Steam coife are laid between the switch ties with proper slope to provide drain- 
age. Water produced by melting the snow flows from the roadbed to catch-basins con- 
^ E^:ted with sewers and thk a^ takes care of the condensation. Steam is furnished from 
heatmg plants or locomotives specially equipped. Where suEfident steam is readily pro- 
curate, this is iMTobahly an economical method of mdting snow. However, since the 
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pipes must be laid with sufficient fall to drain the condensed steam, this may result in 
the low end of the coil being so deep as to render it useless as a snow melter (Fig. 7). 




ELEVATION 

Fig. 7. — Steam Coils Under Switch. 

11. Perforated steam pipes in concrete pits with necessary drains are used to melt 
snow cleared from the tracks, etc., and shoveled or dumped into the pits. When not in 
use, the pits are covered with steel lids (Fig. 8). 



PLAN 

(Cover removed') 


Pif 


LONGITUDINAL SECTION CROSS-SECTION 

Fig. 8. -—Steam Pipes in Pit. 

12. The Greer oil burning melter is of the intennittait graying type. The oil B 
sprayed only for short periods about once an hour, the interval depending somewhat on 
the severity of the storm. The ^ray is turned on and off intermittotfy by attod- 
ant at a valve adjacent to the installation. This device k. denned e^>ecially for me of 
highly infiammable, Iow>flash oil, preferably casii^-head gasAe, smw-meling oil, or 
low pressure hydro-carbon oil. The supply is stored m a elev^^ed at least 10 iLj 
or in a pit where air pressure causes it to flow. About 1 to 1.5 g^tioes b req^hed per 
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hour per switch and the flaming oil is sprayed on the parts to be freed of snow. An 
installation at a switch con^ts of two :diort lines of half-inch pipe laid parallel to and 
on the outside of the rail and mounted on brackets. These small pipes are connected by 
a one-inch pipe which has an insulated union and which in turn is connected to the 
supply line. Each of the pipes is equipped with five or more spray nozzles which are so 
arranged that they discharge the oil directly against the rail in the form of a fine spray, 
which ignites readily. The igniters consist of small oil wells with projectmg wicks, over 
which the oil is sprayed by special nozzles. They are located at the ends of the pipes, 
so that the oil discharged from all the nozzles is lighted instantly (Fig. 9). 



spray nozzk^ 




TTCr 

^Igruter (aee detotO 


TYPICAL AJ?RANG£M£NT or SPRAY NOZZLE ON ai LINE 


^Bracket'' 
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Fig. 9. — Greer Oil Burning Snow Melter. 


13- The Chausse oil burning snow melter is of the constant burning type. Usually 
5 ft. of 2 in. {fipe perforated with one-half inch holes at 4 in. intervals is attached to 
each end of a tee connection at the burner. While the total length of the unit is usually 
about 11 ft. (including the tee at the burner) installations up to 20 ft. long have been 
used, and where cfearance or other conditions require, the burner may be installed at 
one end of the unit rather than at the center. There is one unit placed along the out- 
side of each rail at a switch, the pipes are held in place by brackets attached to the ties 
and there is a spacer (fcflector between the heater and the rail head. Two models of this 
device are manufactured, one with a self-generating vaporizing burner, while the other 
is fur ni shed -with a vacuum type of atomizer burner (Fig. 10). * 

The self-generating type bums kerosene and requires this fuel under a pressure of 
20 to 25 lb. per sq. in. This pressure may be secured either by a pump in the fuel line 
(a one-quarter horse-power motor driven pump is siEffident to supply 100 burners or 50 
switches) or by compre^d air on the fuel in the tank. Because of the high pressure 
required, it h impractical to elevate the fuel tank to secure the necessary head (over 
SO ft.). Eadi burner, or generator, must be heated with a torch for from two to three 
minutes to start ^neration of gas. About 1.25 gallons of kerosene is consumed by each 
hmrm unit per hour. Being of the generating type, this burner is subject to carboniza- 
tk>n e^)€cklly if insuScknt pressure is nmntained. 

The general feyout for the model furnished with the vacuum type burner is very 
similar to the above. The burner requires about 2 cu. ft. of air per minute at a pres- 
sure ol ovfT 25 !>., but not exceedu^ 100 Ib., and bums from om-half to three-quarters 
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gallons of low grade fuel such as distillate or furnace oil per hour. This fuel shouM be 
under a head of one or two feet. No preheating of the burner is necessary and there 
is no trouble encountered from carbonization, or from dirt or water in the fuel oil. 



ELEVATION VACUUM, ATO.M'ZER 

Fig. 10. — Chausse Oil Burning Snow Melter. 


14. A Vaughan gas burning snow melter unit consists of two gas burners connected 
together by a small pipe. Each unit is placed between the ties, and is ordinarily clamped 
to the rail base and one end of the unit is attached to a manifold running parallel to 
and outside of the track by means of short lengths of hose or piping. In cases where it 
is inconvenient to clamp the unit to the rail base, it may rest on the ground or on an 
improvised support, and for slip switches four or more burners may be attached to each 
unit. The units in all cases are so placed and the burners spaced so that each burner is 
under part of the rail base and the switch point on a closed switch. Towards the point 
of the switch the units are usually placed between each tie, while towards the heel they 
may be placed in alternate tie spadngs or omitted entirely, depending on severity of 
snows likely to be dealt with. Each burner of a unit consumes on an average about 
12.5 cu. ft. of gas per hour, and is lighted by hand. The heat may be regulated to meet 
any condition from a light snow to a blizzard, but the rails seldom attain a temperature 
of over 125 degrees. These snow melters are being extensively used (Fig. 11). 



Fig. 11.— Vaughan Gas Burning Snow Melter. 
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15. Tbe Chausse electrically ignited gas burning snow melter consists of a per- 
forated bra^ pipe placed within a steel angle which serves as a heat distributor, deflect- 
ing the flame and heat towards the web and the base of the rail. The gas pipe is per- 
forated at 3 in. intervals and is connected to the gas main at one end. The heat de- 
flector consists of a IS ft, length of a steel angle which is located adjacent to the lower 
edge of the ball of the rail and held in place by adjustable brackets attached to the ties. 
A nichrome ware electrical ignition coil is placed at the center of each unit. Each heater 
bums about 100 cu. ft. of gas per hour or 200 cu. ft. for the switch, and each ignitor 
consumes about 225 watts or 450 watts for the switch. The melter burns with an in- 
visible flame, which insures against interference with signals. The main gas valve and 
tbe main electric switch may be placed at some convenient point such as at a signal tower. 
Tbe melters may be turned on periodically or left on continuously (Fig. 12). 




ELEVATION 

Fig. 12. — Chausse Gas Burning Snow Melter. 

A few rennrks apply to all types of electric snow melters, numbers 16 to 18 inclu- 
ave. They may aH be controlled from a central point without hazard to the attendant. 
Advantage k obtained over the storm in that the heat may be started quickly at the first 
incficatmn of its approach. They are clean, do not obscure signals, and are easily oper- 
ated. Furthermore, they may be used where high winds would extinguish heaters of 
the c^>en flame type, and at locations where the latter would create a hazard to the 
roSfe^ stock or contents thereof. In third rail and other territories, where electric cur- 
rent B cheai^y obtained in sufficient amounts, these heaters have proven successful, but 
where soch is not the case, the high cost of operating them combined with their high 
initial cost, have militated against them. Other minor disadvantages are that induced 
currents nmy interfere with signal circuits and it is difficult to determine from a casual 
ejammatkm whether a unit h in operation or not. In the sealed types, precaution must 
be exercfeed to that they remain sealed for shouM mofeture enter the housing, the 
rapid vaporization, which takes place when the current is turned on, may cause them to 
blow up. There are numerous designs of dectric melters, separated into three general 
types; namely, radiation, contact, and combination radiation and contact. As a rule 
the manufacturer win fum^ heating elements to operate on any desired voltage and to 
draw the current necessary to develop the heat required. 

16. The radiation type consists of a beating coil placed in a housing, which is 
placed mckr the rail between the ties, usually laid on the ballast The heat radiated 
from the unit serves to h^tt the surrouiKiing ^lace, rndting any snow or ice within the 
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heated zone. These melters are easily placed and operated, but do not rnakp the best 
use of the heat generated, a big part of this h^t being dissipated into the ballast and 
atmosphere. 

(a) Westinghouse. Consists of a steel pipe casing sturdy enough to r^ist damage 
caused by striking with a pick or shovel. The heating element is a nickel chromium 
helical coil placed in grooves in heavy refractory brick, which are held in rust-proof 
metal saddles. The unit is placed in the ballast so that the top is about one inch below 
the rail. Each unit consumes about 1250 watts. 

(b) The Hevi-Duty melter is similar to the Westinghouse above, in appearance, 
but each unit draws 750 watts. A long sheet steel hood is placed over the ties on the 
outside of the track, one edge of the hood fitting fairly close to the head of the rail and 
extends for the entire length of the installation. This hood is intended to aid in con- 
fining as much of the heat as possible to the rail (Fig. 13). 



ELEVATION 

Fig. 13, — ^Hem-Duty Radiation Electric Snow Melter. 


(c) Q & C consists of a heating element in a cast iron box about 18 in. long, 6 in. 
wide and 1.5 in. thick. Each unit consumes 1000 watts and is fumidied for either 47 or 
55 volts, allowing the units to be placed in series or series parallel depending on the line 
voltage supplied. They attain a temperature of 284 degrees Fahr., in fifteen minutes and 
a mayiTniim of 6S0 degrees in approximately an hour (Fig. 14). This same design is 
also made in a 36 in, length, drawing the same current. It is intended for use around 
slip switches and other locations where the points to be protected are relatively dose 
together, but still far enough apart to necessitate, otherwise, the use of two of the 
shorter units. 



LLEKir/ON 

Fig. 14. — Q. & C. Radiation Electric Snow Melter. 
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(d) Westinghouse. This design is similar to the Q & C described above. Each unit 
draws 750 watts. 

(e) The G & R melter is cylindrical in shape and is equipped wdth a large number 
of radiation rings or fins, which have a total radiation surface of approximately 6 sq. ft. 
Its beating unit is wrired for 110 volts and draws 1000 watts. It is designed to with- 
stand vibration and moisture (Fig. IS). 
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Fig. is.— G. k R. Electric Radiation Snow Melter. 

(f) Westinghouse. This unit is designed to be fastened to the side of the cross-tie 
by a bracket. The unit consists of a nickel chromium helical coil placed in grooves in 
a porcelain block supported by dips in a malleable iron box. There is a layer of in- 
sulating material at the bottom of this box which serves to retard any radiation of heat 
downward. The heat element is designed for SS volts and draws 7 SO watts (Fig. 16). 






ELEIVATION 
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Fig. 16.— Westinghouse Electric Radiation Type Snow Melter. 

(g) The Hot Shot melter furnishes air heated electrically. A number of electri- 
cally heated umts are connected by a system of ducts to a one-third horsepower motor 
driven blower. Air from the blower passes through the heating units and is heated to a 
higji temporature before it passes throng the orifices in the upper side of the heating 
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unit housing. The heaters and ducts are buried in the ballast One large blower may be 
used to operate a number of installations. The blower may be located some distance 
away as in a tower or if suitable air supply is available no blower is required. The 
temperature of the air three-quarters inch from the orifice runs about 300 d^rees Fahr. 
The units are wired for 110 or 220 volts and each unit consumes 5CX3 watts. The orifices 
are bushed with brass to prevent them from closing up due to corrosion. The unit is 
placed so that this orifice is directly under the space between the rail and the switch 
point (Fig. 17). 



ELEVATION 

Fig. 17.~Hot-Shot Radiation Electric Snow Melter. 


17. In the contact type of electric melters the heating unit is usually placed snug 
against the web of the rail, as in the case of the tubular designs, or snug against both 
the web and the upper surface of the rail base as in the case of the box designs. How- 
ever, there is one unit designed to be placed in a recessed ^ace in the tie under the 
slide plate directly under the base of the stock or turnout rail. All of them are designed 
primarily to heat the rail — any radiation from the heater being incidental. This t)rpe of 
melter is more economical to operate than the radiation type. There is less heat disa- 
pated into the atmosphere and none into the ballast, while more heat reaches the rail 
and slide plates. As a rule melters of the contact type are more difficult to instafi and 
dismantle thATi either the radiation type described above or the combination contact and 
radiation type described later. In some cases, they are left in place the year around. 

(a) Elec-TraC is of the box design, consisting of a copper bearing pressed steel 
frame or housing which fits up against the web of the rail, in which is mounted an 
asbestos insulator with an enclosed tubular heating element protected by a stainle^ steel 
covering. Each unit is about a foot long and is installed on the outside of the rail 
between the ties. The units are wired for 110 volts and draw 600 watts ^ch (Fig. 18). 

(b) The Q & C is a tubular design, fastened to the inside web of each rail at a 
switch by small clamp bolts extending through the web. The tube is fairly flexible, 
permitting it to be bent and placed close to the head or base of the rail to dodge obstruc- 
tions, such as stops or bolt heads in the switch point. The most used de^ is a single 
tube with a continuous heating element throughout the length of the unit. The wattage 
of each unit is from 3600 to 6000 depending upon the length of the switch and the 
temperature required. Since there is no provision for the return of the current within the 
unit, it is necessary to bring the end towards the heel of the switch out througji a hole 
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in the web of the stock raU, for a connection with the feeder circuit, unless a small con- 
duit is placed alongside the heating unit. 


CancAi^i 
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Fig. 18 .— Elec-TmC Contact Electric Snow Melteh. 


Anotha: model consists of twin tubes in which heating units about 12 in. long are 
centered over each tie. This twin unit has a total width of 1.25 in. and is made from 
0.49 in. diameter tubing Battened to 0.36 in. on the side that contacts the rail. Like the 
single tube, this unit is flexible, and where necessary the two tubes may be separated. 
Since the tubes are connected to each other at the heel end, one tube serves as a return 
for the other, siinplif 3 dng the connection to the feeder circuit. Each heating unit draws 
about 500 watts (Fig. 19). 
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Fic. 19. — Q. & C. Contact Tubular Electric Snow Melter. 

(c) Wesfeghouse. Similar to the above, except that though they do make the 
twin tubular in the ^>aced heat teign, their standard design for both the single and 
twin types provkies for a continuous heating element throughout the length of the unit. 

(d) B & H. This b a twin tubular des%n similar to the spaced heat design de- 
scribed, Iwt emdi heati^ ekment draws 375 watts. 
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(e) Keim. This device appKes the heat from 500 watt elements to the outside 
web of the stock rails. Each element b 12.5 in. long and secured over the ^ce between 
ties by clamps engaging the underside of rail base, for the length of the switch points. 
Tests made of these heaters in service show that they are capable of rabing the tempera- 
ture of the rail at the center of the heater 15 degrees in the first 15 min., 65 degrees in 
45 min., 75 degrees in one hour, and 125 degrees in two hours (Fig. 20). 




Fig. 20.— Keim: Contact Electric Snow Melter. 

(f) B & H tie plate design. Thb device consbts of a heatmg element laid in an 
open top corrugated steel box which b inserted in an aluminum trough placed in a re- 
cessed space in the tie under the slide plate and directly under the running rail. Thb 
trough facilitates installation and withdrawal of the unit and because of the heat reflect- 
ing properties of aluminum, tends to dimini^ charring of the tie (Fig. 21). 



£:llvation 

Fig. 21.— B. & H. Contact Electric Snow Melter. 


18. The Combination Contact and Radiation type differs from tl^ contact type 
described above, in that the heater housng b always in contact with the under^fe of 
the rail base of the running rail and extemb under the switch point In ad<fftion to 
keeping the running rail warm by conductimi as m the ca^ of the amtact tyi)e, thb 
type through radiation gives heat to the switch point and the i^ce between the two. 
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(a) Q & C. The general design of this type is similar to the Q & C radiation type, 
bat k has a fiat space along the top of the housing for contact with the entire width of 
the rail base of the running rail to which it is attached by means of a clamp, which 
comes over the rail base. It is placed between the ties and requires 500 watts (Fig. 22). 




Fig. 22.— Q. & C. Combination Radi- 
.4TION AND Contact Electric Snow 
Melter. 


(b) Westinghouse. Similar to the above, except that the unit draws 750 watts 


(Fig. 23). 
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Fig. 23. — Westinghouse Electric 
Combination Radiation and Contact 
Snow Melter. 


(c) B & H. S imila r to the above, but the housing is shorter so that it is in contact 
with only half of the width of the rail base, but extends the same distance under the 
switch point. It requires 425 watts per unit (Fig. 24). 
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Manufacturers or Distributors of Above Devices 


“Nivosal” 

“Greer” 

“Protectoseal” 

“Buckeye” 

“Chausse” 

“Hauck” 

“Littleford” 

“Mahr” 

“Unique” 

“Fairmont” 

“Woolery” 

“Servrite” 

“Winter King” 

“Vaughan” 

“G & R” 
“Keim” 

“Westinghouse” 
“Hevi-Duty” 
“Q & C” 

“Hot Shot” 
“Elec-TraC” 

“B & H” 


Monmouth Chemical Corporation, 

140 Cedar Street, New York, N. Y. 

The Howard P. Cook Company, 

94S Main Street, Bridgeport, Conn. 

Protectoseal Company, 

1906-24 So. Western Ave., Chicago, 111. 

The MacLeod Company, 

2232-40 Bogen Street, Cincinnati, Ohio. 

Chausse Oil Burner Company, 

1227 W. Beardsley Ave., Elkhart, Ind. 

Hauck Manufacturing Company, 

126-134 Tenth Street, Brooklyn, N. Y. 

Littleford Bros., 

444 E. Pearl Street, Cincinnati, Ohio. 

Mahr Manufacturing Company, 

6 No. Michigan Avenue, Chicago, IH. 

Unique Manufacturing Company, Inc., 

221 West Whiting Street, Chicago, 111. 

Fairmont Railway Motor, Inc., 

80 E. Jackson Blvd., Chicago, HI. 

Woolery Machine Company, 

Minneapolis, Minn. 

Service Supply Corporation, 

20th E. Venango St., Philadelphia, Pa. 

Bethlehem Steel Company, 

400 No. Michigan Avenue, Chicago, HI. 

Ruby Railway Equipment Company, 

Real Estate Trust Building, 

Philadelphia, Pa. 

Westinghouse Electric & Manufacturing Company, 
East Pittsburgh, Pa, 

Hevi-Duty Electric Company, 

4212 W. Highland Blvd., Milwaukee, Wis. 

The Q and C Company, 

90 West Street, New York, N. Y. 

Louisville Switch & Signal Company, 

Louisville, Kentucky. 

Electric Service Supplies Company, 

Philadelphia, Pa. 

Horne Equipment Corporation, 

90 West Street, New York, N. Y. 


Railroads Using Various Types 

Table 1 was compiled from information secured from a canvass of railroa(fe in the 
United States, which are affected by snow and from Canadian roads, ako from manu- 
facturers of snow-melting devices. It was made as extensive as possibk account of the 
great number of devices available and also to define what territory geographically is 
being served with snow melters. Where there was any confiict in data rccov^ from 
these sources, the railroad’s reply was used. Where a road did not reply to the canvass, 
the manufacturer’s information was accepted. A few roack repHed that they are not 
using any snow-melting devices and alt such repw)rting roads are induded. Information 
from the road itself or from manufacturers was secured for aH roads addressed, except 
about 10 per cent, and these have not been induded in the table. 





AJcroHjt^toii 4 T&ungstown x ... 

Atcbiscffl, Topek* 4 SantA 7e ..... x x 

Baltiaore 4 Obio x ... 

Mltisore k 'Obio Chicago .Terainal x 

Bangor and Aroostok ... 

Belt Hy. of Qiicago x x 

Biogbax 4 Garfield x ... 

Board of Transp. Subway .Hex .York ... 

Boston & Albany 

Boston aiKi Maine. x x 

Boston Rapid Transit x: 

axXfalo, ao Chester and Pittsburgh x 
Canadian Bat looal ................ x x 

Canadian Pacific x x 

Central of lew Jersey x x. 

Central Yenaoot 

Chesapeake and Chio ... ... 

Chicago and Bastern Illinois ..... ... ... 

Chicago 4 lorth festers .......... x 

Chicago 4 Vestern Indiana ... 

Chicago, Aorora and Slgin ........ x 

Chlcago.Burlington 4 (Quincy ...... x 

Chicago Sreat festers x 

Chicago, I^ianaiKiIis 4 Louiarille x 
Chioago^lilwaiikee.St.Paal and Pae. x 
Chicago Rapid Transit ............ ... 

Chicago, Rock Island 4 Pacific .... x 

Chicago, South Shore a.Bd South Bend x 
Chicago Union Station ... 

Clereland jCinti, Chicago 4 St. Louis ... 

ClcTelatid Union Tenainal 

Colorado 4 Southern 

Conemugh 4 Black Lick ... 

BeljBnare and Hudson x 

Be laware, Lackawanna 4 Western .... x 

Benrer and Rio Grande Western .... x 

Benrer and Salt Lake ............. ... 

Detroit and Toledo Shore Line .... x- 

Ihslathjlieafce 4 lor them ......... x 

Itaiuth, South Siore 4 Atlantic .... x 

Slgin, Joliet and'Sastern x 

^rie X 

Genesee and fyoEsing x 

Great Sorthern x 

Illinois Central ................. x 

Illinois Terminal ... 

Iifcdiaaa Harbor Ifelt x 

Indianapolis Union x 

larras City Southern 

~angas City Terminal ... 


in Pits 
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Portable' 


■o u 

® 3 

CPQ 


o e 

eo 


.l^rl 


Lehigh and New Sngland 

Lehigh Valley 

3£aine Central 

Michigan Central 

Milwaukee Slectric ... 

Minn. , St .Paul & Sault Ste 
Minnesota Transfer .. 

M i B8 aur i ^Cansaa -Texa 8 
Missouri Pacific 
Sew York Central .... 

Sew York, Chicago and St. Louis 
Sew Yor,k,Hew Haven and Hartford 

Niagara Junction 

Norfolk and Western ...... 

Northern Pacific 

Pennsylvania 

Pittsburgh & Lake Srie.... 
Pittsburg & West Virginia 

Heading 

Richmond , Fredericksburg i Potonai 
Rutland ......... 

Salt Lake ic Utah 

South Buffalo 

Southern 

Southern i^cific 

Spokane, Portland and Seattle . 
Steelton & Highapire ......... 

Terminal R.R.Assoc.of St, Louis 

Toledo, Peoria & Western 

Toledo Terminal 
Union Pacific ..... 

Wabash 

Washington Terminal 
Western Maryland 
Western* Pacific 
Wheelii^ and Lake Erie 
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Description of Improved Keim contact type and G.R. radiation type, 
of electric snow melters. Illustrated. 

24. Electric Journal, 

Vol. 27, Page 598, October, 1930. 

Description of two electric snow melters, one a contact type and the other 
a radiation type. Illustrated. 

25. Railway Engineering and Maintenance, 

Vol. 26, Page 570, December, 1930. 

Description of Chausse gas burning snow melter equipped with electrical 
igniter. Illustrated. 

26. Railway Engineering and Maintenance, 

Vol. 27, Page 61, January, 1931. 

Description of Nivosal, a snow-melting chemical. 

27. Railway Engineering and Maintenance, 

Vol. 27, Page 269, March, 1931. 

Design of Hot Shot electnc radiation type snow melter. Illustrated. 

28. Railway Engineering and Maintenance, 

Vol. 27, Pages 354 to 356, April, 1931. 

Use of various types of snow melters in the Chicago area during a severe 
blizzard, and their economy as compared to manual methods of snow 
removal. 

29. Railway Engineering and Maintenance, 

Vol. 27, Page 386, April, 1931. 

Description of Elec-TraC contact type electric snow melter. Illustrated. 

30. Railway Age, 

Vol. 91, Pages 542-544 incL, October 10, 1931. 

Use and economy of various types of snow melters in the Chicago area 
and a few eastern locations. 

31. Railway Engineering and Maintenance, 

Vol. 27, Pages 956-960, November, 1931. 

Use of Greer oil burning and Vaughan gas burning snow melters on the 
Boston and Maine. 

32. Railway Engineering and Maintenance, 

Vol. 27, Pages 964-967, November, 1931. 

Use and economies of vario-us types of aiow melters during recent blizzards 
in the Chicago area. 

33. Railway Engineering! and Maintenance, 

Vol. 28, Pages 34-35, January, 1932. 

Use of pneumatic ice picks on the Canadian Pacific at locations where 
heavy snows aini prolonged cold weather make mow melters ii^ective. 


Conclusions 

Under proper conditions, snow-melting devices are an aid in facilitating train opera- 
tion and reducing maintenance expense. There are many different types available. Th^ 
best type and deagn for the purpose is worthy of some study. 
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Appendix C 

(5) USE AND ADAPTABILITY OF TRACK TYPE TRACTORS IN 
MAINTENANCE OF WAY WORK 

T. M. Pittnaan, Chairman, Sub-Committee; G. A. W. Bell, Jr., W. O. Cudworth, J. S. 

Huntoon, R. H. Kugler, R. A. Morrison, J. G. Sheldrick, H. W. Stetson, J. B. 

Tmiholm, G. R. Westcott. 

General Description 

There are two general types of tractors, the wheel type and the track type. The 
wl^l type fe mounted on four wheels, two small ones in front and two of wide tread 
and large diameter t^hind. In most tractors of this type, the rear wheels carry most of 
the weight and furnish all of the traction but some are now being made with driving 
power applied to ah four wheels. The inability of this machine to work in soft ground 
on account of the wheels bogging led to the development of the track type tractor which 
B now extensively used in many branches of industrial, agricultural and construction 
work and whkh is generally referred to as the caterpillar or crawler t 5 T>e tractor. 

The track tjpe tractor was first developed to meet the demand for a tractor for 
agricultural purposes in the soft soil of delta countries where the wheel type tractors 
would bog, even when rear wheels of extremely large diameter and width were used. 
The idea originated from the principle of the tread mills in general use on the farms of 
the earlier days, and in 1905 the first machine of the track type was perfected. This 
cnicie machine, built largely of scrap material and powered with a steam boiler, has 
been developed and improved until these tractors are now standard products of several 
factories and range in size from 10 H.P. to 90 H.P. at the drawbar. Most of these 
machines are powered with gasoline motors, although in some cases kerosene has been 
used, and one large manufacturer is now powering their large machines with Diesel en- 
gines. Expertoce with this type motor has been very satisfactory and points to a more 
extencfed use of the Dfesel engine in the future. 

The most dBtinctive feature of the track tyj>e tractor, from which it derives its 
nam^, is ttffi method by which it lays a track to run on and picks it up and carries it 
forward after the imchine has passed over it. Instead of running over a fixed track as 
does a locomotive, the tractor rolls over a flexible track which it picks up and lays down 
atotd of the rollers and drive wheels, thereby providing the tractive advantages of a 
steel track without the limitations of a track in a fixed location. 

The track omsists of track ^oes, links, pins and buffings, which when assembled 
form a continuoiB chain or flexible belt. The shoes may be flat to run on pavements or 
provided with lugs or grousers for operating over soft ground. There are also special 
shoes for use <m snow and ice, and rubber-surfaced shoes for use on the floors of build- 
mgs. The we%ht of the machine is carried on thfe track by rollers extending the entire 
length while the driving power is applied by a large sprocket wheel at the rear, over 
whkh the trad: passes. As the rollers of the machine pass over the track, the sprocket 
ladled pkks it up ami carries it forward over a large idler wheel at the front end of the 
m a chme where it is laid down to receive the rollers again. By this means the weight of 
the tractor h so distributed that the bearing pressure on the soil is only about 5 or 6 
pounck per square inch for the rizes most suitable for railroad work, even though the 
we%]y: of the madhines themselves nms from 5,000 to 10,000 Ib. This pressure may be 
decreased by the use of wider shoes which can be applied to the standard track chain. 
This bearing pressure is about the same as that of an average man standing on one foot. 

The ease with which these m ach in es can be handled and their flexibility of operation 
is afeo an important feature. They respond instantty to the controls and can be turned 
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completely around in their own length. Due to the low bearing pressure they can oper- 
ate over snow and bad roads, over soft ground where there are no roads and through 
shallow water and swamps. They can travel down a railroad track by placing one tread 
between the rails and the other on the ends of the ties, and can cross an open deck trestle 
or through plate girder bridge of standard gage track. They can climb a grade of 
1 with ease and their low center of gravity provides a large factor of safety against over- 
turning. They will travel at a speed of about ZYz miles per hour in high and 2 miles per 
hour in low gear, but can be equipped for higher speeds if desired. 



Moving a Track Type Tractor on a Push Car. 


The flexibility of operation of the machine and its rugged construction has led to 
its wide use in levee and highway construction and in many industries and agriculture. 
Over 10,000 were used by the Allkd armies during the late World War and they have 
since been adopted as standard for use by the United States Army. 

The sizes best suited to railroad work are the medium sizes of 15 to 30 HJP. These 
sizes have sufficient power to handle a good sized load of dirt and are small enough to 
operate in narrow clearances and may be loaded easily for moving from one job to 
another. 

The cost of operation, including one operator, is from |8 to $15 per day, depending 
upon the size of the machine and the character of work being done. The gasoline con- 
sumption will range from 1^4 to 3 gallons per hour. 

Auxiliary Equipment 

Althoi^h many uses can be found in maintenance of way work for the standard 
tractor by itself, the development of attachments for performing special classes of work 
is of greater interest to the railroads. There are a number of sudi attadbments manu- 
factured by independent concerns but deseed for use with tractors of certain makes 
and models. Most of these were designed largely for uses outsBe of maintaiance of way 
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Track Type Tractor Passing by a Signal and 
Over the Conduit. 


work and consequently such work must be adapted to the possibilities of the attachments. 
Although many of these attachments can be used to very good advantage on railroad 
work, a greater interest on the part of the railroads will no doubt result in the develop- 




Twck Type Tractor Moving Over an Open 
EfeCK 'IteTLB. 


Showing Track Type Tractor Operating at a 
45 Degree Angle. 
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ment of attachments designed to meet the specific needs of maintenance of way work. 
These attachments can be easily and quickly removed and others applied, and under 
these conditions, the tractor virtually becomes a power plant of rugged construction, 
flexible and economical in operation and capable of moving under its own power over 
very difficult grades and soil conditions. 

Following is a list of attachments available for use with tractors and photographs 
of some of them are shown: 


1. 

Air compressors 

9. 

Loaders 

17. 

Scrapers — wheel 

2. 

Backfillers 

10. 

Mowers 

18. 

Snow plows 

3. 

Booms 

11. 

Post hole diggers 

19. 

Stump pullers 

4. 

Brooms 

12. 

Pumps 

20. 

Trailers 

5. 

Bulldozers 

13. 

Rock crushers 

21. 

Wagons 

6. 

Ditchers 

14. 

Saws 

22. 

Welding generators 

7. 

Hoists 

IS. 

Scrapers — dragline 

23. 

Winches 

8. 

Graders 

16. 

Scrapers — rotary 




In order to determine the extent to which the railroads are using this equipment and 
the purpose for which it is being used, a questionnaire was sent to 49 railroads that the 
Committee understood used track type tractors in some department. Thirty replies were 
received which indicate a widespread application on the roads using them and satisfaction 
with their performance. Several roads not owning tractors reported having rented them 
for special work or being familiar with their performance on contract work. 

Classes of Work for Which Adapted 

A study of the operation of these machines indicates that they have been used on 
the following classes of work: 

Bank widening 
Cleaning under bridges 
Cleaning out culverts 
Cleaning track ditches 
Ditching around culverts 
Ditching for surface drainage 
Excavating for tracks 

Excavating for buildings, bridges and grade separations 
Plowing fire guards 
Laying rail 

Leveling the right-of-way 

Leveling yards, cinder dum^ and trash piles 

Running tamping machines 

Mowing wee^ 

Loading, unloading and hauling miscellaneous material 

Removing snow around warehouses, crossings, tracks, platforms, driveways 

Moving tracks 

Removing tracks 

Switching cars 

Spray painting and other jobs requiring compressed air 
Stripping gravel pits 
Pumping water 

Operating elevators for hoisting building material 

Pulling stumps, clearing right-of-way 

Cleaning out and digging new reservoirs with dragline 

Moving buildings 

Tearing down buildings 

Clearing derailments 

Welding rail ends, frogs and switch points 

Stringing telephone and signal wires and cabfes, both overhead and underground 
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Examples of Specific Uses 

Some specific examples of the performance of tractors "ttfith various auxiliary equip- 
ment are given below, with cost data and photographs taken on the job. 

To permit of more accurate comparison with other methods, if desired, costs other 
than purely operating charges have been included. These costs are based on the follow- 
ing data for the tractors: insurance, 2 per cent of annual investment; taxes, 1 per cent 
of annual investment; supervision, 1 i>er cent of annual investment; depreciation period, 
S years or S5(X) hours; interest rate, 6 per cent. The annual investment is determined by 
deducting 20 per cent of the first cost every year for five years, which will give the same 
r^lt as the formula plus 1 over 2A', in which iV is the number of years. The flat 
charges for the attachments are figured similarly, except the depreciation period varies 
with the difierent equipment. The cost of repairs is based on the study of several hun- 
dred machines operating on miscellaneous construction work and covers the cost of the 
parts and all expense of installation, including telegrams, etc. This gives a somewhat 
higher figure than is shown in the scheduk of the Associated General Contractors. 



BANK WIDENING BY SIDE BORROW 


Equipment 

Conditions 


Operation 

Costs 


25 H.P. Track Type Tractor and Hydraulic Roll-Over Scraper. 

Height of fill average 9 ft. Bank widened 8 ft. on each side. Sandy soil. 
Single track main line. The shoulders had weathered down until ballast 
was spilling over bank. 

Work carried on by side borrow and building up from the bottom. 


Tractor 

Gas 2.6 gal. @ .10 26 

Oil and Grease 07 

Operator 75 


Total Operating Cost per hour ^1.090 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour ,545 

Scraper 

Insurance, Taxes, Supervision 010 

IDepreciation ,126 

Repairs !.’.”!”!*. !o63 

Supplies (cutting edges, hose) 029 


Total Flat Charge per hour 228 

Total Cost per hour Tractor and Grader «1 353 

Average yardage moved per hour— 20 

Operating Cost per cubic yard c ,o55 

T<^1 C<^ per cubic 3rard. ' , « 093 
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EXCAVATING UNDER AND AROUND BRIDGE 


Equipment 

Conditions 

Operation 


Costs 


A 25 H.P. Track Type Tractor and a RoH-Over Scraper. 

Footing uneven and wet. Materml — sticky, black dik. 

Earth was removed from underneath pile trestle bridge. Also waterway 
cleaned for a distance of 100 feet downstream. Material removed was 
placed alongside track in the form of bank widening. 


Tractor 

Gas 3 gal. @ .10 .30 

Oil and Grease 07 

Operator 76 

One Laborer 35 


Total Operating Cost per hour $1,480 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour $ .545 

Scraper 

Insurance, Taxes, Supervision 010 

Depreciation 126 

Repaip 063 

Supplies (cutting edges) 029 


Total Flat Charge per hour $ .228 

Total Cost per hour Tractor and Scraper $2,253 

Average yardage moved per hour 17 cu. yards 

Total Cost per cubic yard $ .132 
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Equipment 

Conditions 

OPER.mON 

Costs 



CLEARING OUT WATERWAY UNDER BRIDGE 

A IS H.P. Track Type Tractor equipped with a double drum hoist, a 
drag scraper, a hand operated bulldozer, cables, pulleys, clamps, and an 
“A” frame. 

Material moved was an accumulation of rocks, sand and clay which was 
removed from under the bridge and spread alongside the track. 

Material removed with dragline, spread with bulldozer. 


Tractor 

Gas 2.0 gal. @ .15 30 

Oil and Grease 05 

Operator 75 

Foreman 50 

2 Laborers 64 


Total Operating Cost per hour 

Depredation, Repairs, Insurance, Taxes . . 
Hoist 

Depreciation, Repairs, Insurance, Taxes . . 
Scraper 

Depreciation, Supplies, Insurance, Taxes . 
Cables 

Depreciation per hour 

“A” Frame 

Depreciation per hour 

Bulldozer 

Depreciation, Repairs, Insurance, Taxes . 

Total Co^ of unk per hour 

Total job of 250 cuWc yards required 72 hours 
Cc®t per cubic yard 


$2,240 

.427 

.133- 

.058 

.340 

.060 

.069 
$3,327 
$239.54 
$ 3.39 



CLEANING OUT WATERWAY UNDER BRIDGE 

Equipment A 25 H.P. Track Type Tractor equipped with a Doubk Drum Hoist, an 
“A” Frame, a ^ cubic yard Drag Scraper, Cabks, Pulkys, Clamps. 

Conditions The streambed under a plate girder bridge was filled to within 15 inches 
of the bottom of the girder. 

Operation The tractor was “set up” on the dow^nstream side of the bridge and at 
one side of the stream channel. The tail block was attached to a cable 
which was stretched across the stream on the other side of the bridge. 
By moving tail block along cable dirt could be removed from all parts of 


streambed under bridge, 

Costs Tractor 

Gas, Oil, Grease, Operator, one helper, per hour $1,382 

Depreciation, repairs, insurance, taxes, supervision 545 

Hoist 

Depreciation, repairs, insurance, taxes, supervi^n 123 

Scraper 

Depreciation, repairs, supplies 055 

“A” Frame and cables 

Depreciation 123 

Total Cost per hour of entire unit $2,228 

Total Cost per cubic yard removed $ J18 

Time to complete job of 245 cubic yards— 35 hours 
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LEVELING RIGHT-OF-WAY 


Equipment A 25 H.P. Track Type Tractor equipped with a Backfiller. 

Conditions A dike of sandy soil and old ties had been built to prevent drifting of 

sand. 

Operation Required to level this dike by pushing the material away from the track. 


Costs Tractor 

Gasoline 2.6 gal. @ .12 312 

Oil and Grease 105 

Operator SIS 


Total Operating Cost per hour $ .932 

Depredation 235 

Insurance, Taxes, Supervision 028 

Repairs 282 


Total Flat Charge per hour .S45 

Backfiller 

Depreciation 068 

Repairs 034 

Insurance, Taxes, Supervision 005 


Total Flat Charge per hour .107 

Total Cost per hour $1 584 

Labor 

2 Men @ .38 per hour 760 

1 Flagman @ .38 per hour, half-time 190 


Total Labor Charge ^ 950 

Total Tractor, Backfiller, Labor per hour $ 2.534 

Cost per 8-hour day ’ ^20.27 

Total Cost per cubic yard moved $ .126 
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Equipment 

Conditions 

Operation 

Costs 



CLEAN UP-~400 CUBIC YARDS OF BRICK AND TRASH 

25 HJP. Track Type Tractor and Roll-Over Scraper. 

Clean up bricks removed on account of construction of addition to round- 
house. Haul— Round trip 1150 feet. 

Load in low; haul, dump and return in high. Round trip time 4 minutes. 


Tractor 

Gas 2.7 gal. @ .10 27 

Oil and Grease 07 

Operator 76 


Total Operating Cost per hour $1,100 

Insurance, Taxes, Supervision 028 

Depredation 235 

Repairs 282 


Total Flat Charge per hour 545 

Scraper 

Insurance, Taxes, Supervision 010 

Depreciation 126 

Repairs 063 

Supplies 029 


Total Flat Charge per hour J28 

Total Cost per hour Tractor, Scraper, Operator $1,873 

Total Work done — 400 cubic yards 
Average per hour — 13.3 cubic yards 

Total Cost for 400 cubic yards $56 J2 

Total Cost per cubic yard $ -14 


.^04 Maintenance of Way Work Equipment 



CLEANING OUT A CULVERT 


Equipment 

Conditions 

Opeeation 

Costs 


A 15 HP. Track Type Tractor and an Ox Shovel — capacity cubic yard. 
The culvert is 432 feet long, feet high and the accumulation of gravel 
was about 2 feet deep. 

The scoop was loaded by two men. Haul — ^375 feet. Total time — 22 
days of 8 hours each. Actual working time — 6^ hours per day. 

Time — 22 days @ 8 hours — 176 hours 


Rental on tractor and slip $150.00 

Gasoline for tractor 23.00 

Oil and Grease 2.00 

Labor 450.00 


Total $625.00 

Total yardage — 616 cubic yards 

Total Cost per cubic yard $ 1.01 
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CLEANING OUT TWO CULVERTS 

Equipment A IS H.P. Track Type Tractor, a double drum hoi^, a cubic yard 
drag scraper, cables, pulleys and an “A” Frame. 

Conditions Two culverts S'lO" x 5'6" x 595' long were cbgged with sand and gravel 
to a depth of about four feet. 

Operation The dirt was removed with one “set-up” of the tractor for each culvert. 
A clamshell was used to load and haul away the ipaterial. 


Two men were used; one operator and one helper. 

Costs 

Labor and Material setting up “A” Frame. $ 74.90 

Operator and Helper 173.96 

Gas and Oil for tractor 25.79 

Clamshell expense loading and unloading waste material 51.91 

Work train expense handling clamshell 107.45 


Total cost 

Total yardage — 444 cubic yards 
Cost per cubic yard 


$434.10 
$ .98 
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Equipment 

Conditions 

Operation 

Costs 



CLEANING CULVERT DITCHES 

A 25 HJP. Track Type Tractor and a Roll-Over Scraper. 

Cleaning out a ditch downstream from a 30 inch culvert. Earth sticky 
and wet. 

Backed up culvert, loaded, pulling away — total 60 cubic yards — total time 


3 hours. 

Tractor 

Gas 2.5 gal. @ .10 25 

Oil and Grease 07 

Operator 76 


Total Operating Cost per hour $1,080 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour .545 

Scraper 

Insurance, Taxes, Supervision 010 

Depreciation 126 

Repairs 063 

Supplies (cutting edges, hose) 029 


Total Flat Charge per hour .228 

Total Cost per hour, Tractor, Scraper, Operator $1,853 

Average yardage per hour — 20 cubic yards 
Total job — 60 cubic yards. Time — 3 hours 

Cost per cubic yard $ .092 

Cost of job — 60 cubic yards $5,520 
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Equipment 

Conditions 

Operation 

Costs 



SURFACE DITCHING 
A 25 H.P. Track Type Tractor and a Grader. 

Ditch 900 feet long, V/^ feet deep and 8 feet wide to be built along the 
top of a cut section. Width of working area varied between 20 and 30 
feet. Further obstructed by a line of telegraph poles. 

Straight ditching. Moved dirt from ditch and cast it up in the form of 


a dike. Two men employed. 

Tractor 

Gas 2.1 gal. (g .10 .21 

Oil and Grease 07 

Operator 76 


Total Operating Cost per hour $ 1.040 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour 545 

Grader 

Grease .015 

Supplies (cutting edges) 054 

Operator per hour .350 


Total Operating Cost per hour 419 

Insurance, Taxes, Supervision 016 

Depreciation 133 

Repairs -05 3 


Total Flat Charges per hour 202 

Total Cost per hour Tractor, Grader and Operators $ 2.206 

Average yardage moved per hour — 40 cubic yards 

Total Cost per cubic yard 055 

Total Cost for job — 480 cubic yards $26.40 
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Equipment 

Conditions 

Operation 

Cc^TS 



SURFACE DITCHING 

A 2S H.P. Track Type Tractor, a Grader and a Roll-Over Scraper — 
capacity 1 cubic yard. 

Required to construct a surface ditch 1,000 feet long, 10 feet wide and 
lYz feet deep and to place the dirt in the form of a dike on the down- 
stream side of the ditch. 

Two men required to do the job. Washouts filled by back dumping with 


Scraper. Final taping done with Grader. 

Tractor 

Gas 2.1 gal. @ .10 210 

Oil and Grease 070 

Operator 760 


Total Operating Cost per hour $ 1.040 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour .545 

Grader 

Lubricants 015 

Operator 350 


Total Operating Cost per hour .365 

Insurance, Taxes, Supervision 014 

Depreciation 133 

Repairs 053 

Supplies (cutting edges) 054 


Total Flat Charges per hour 254 

Scraper 

Insurance, Taxes, Supervision 010 

Depreciation 126 

Repaim 063 

Supplies (cutting edges) 029 


Total Flat Charges per hour 228 

Total Cost per hour Tractor, Grader, and Scrapper $ 2.432 

Total Time for job — 51 hours 
Total Yardage — 471 cubic yards 

Total Cc^ for job $124.03 

Total Cost per cubic yard $ .26 
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Equipment 

Conditions 

Operation 


Costs 



CLEANING TRACK DITCHES 

A 25 H.P. Track Type Tractor and Roll-Over Scraper, 

Soil sandy. 

Clean track ditch 1500 feet long. Round trip distance 3400 feet. ^ Time 
for round trip — 10 minutes. 2 cubic yards per round trip. Load in low 


— haul in high. 

Tractor 

Gas 2.7 gal. @ .10 27 

Oil and Grease -07 

Operator 76 


Total Operating Cost per hour ^1.100 

Insurance, Taxes, Supervision .028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour 545 

Scraper 

Insurance, Taxes, Supervision -010 

Depreciation 126 

Repairs • • *^3 

Supplies (cutting edges, hose) .029 


Total Flat Charge per hour .228 

Total Cost per hour Tractor and Scraper $1.S73 

Average yardage moved per hour — 11 

Total Cost per cubic yard I *17 
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EXCAVATING FOR STOIL\GE TILVCKS 


Equipment 

Conditions 

Oper.\tion 


Costs 


A 25 HP. Track T>T>e Tractor and a Roll-Over Scraper. 

Etepth of cut 2 feet 8 inches. Material — cinders and hard packed clay. 
Dirt removed from two cuts — one 70 feet long, one 90 feet long, width at 
bottom 10 feet, haul 200 feet, time per trip 2 minutes. No scarifying 


necessary. 

Tractor 

Gas 2.5 gal. @ .10 25 

Oil and Grease 07 

Operator 76 


Total Operating Cost per hour $1,080 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour .545 

Scraper 

Insurance, Taxes, Supervision .010 

Depreciation 126 

Repairs 063 

Supplies (cutting edges, hose) 029 


Total Flat Charge per hour .228 

Total Cost per hour, Tractor, Scraper, Operator $1,853 

Average yardage moved per hour — ^23 

Total Cost per cubic yard ^ ,08 

Total number cubic yards — ^244 
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Equipment 

Conditions 

Operation 

Costs 



PLOWING FIRE GUARD 

A 30 H.P. Wide Gage Track Type Tractor and a 5-bottom 14-inch Sod 
Plow. 

Plowing sod, swamp, loose soil; crossing drainage ditches and other ob- 


structions. 

Plowing one trip SO to 150 feet from center Kne. 

Tractor 

Gas 2.8 gal. @ .12 «336 

Oil and Grease C^5 

Operator 900 

1 Laborer .700 


Total Operating Cost per hour $2,031 

Taxes, Insurance, Supervision .038 

Depreciation 270 

Repairs 297 


Total Flat Charge per hour $ .605 

Plow 

Taxes, Insurance, Supervision 004 

Depreciation 036 

Repaim 018 

Supplies (plow points) 010 


Total Flat Charge per hour $ .068 

Total Cost per hour Tractor, Plow Driver, and I^bor $2,704 


Average amount of fire guard built per hour — 2 miles 
Total Cost per mile 


$1,352 
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LAYING 110 -LB. RAIL--39-FT. LENGTHS 


Equipment 

Conditions 

Operation 


Costs 


A 25 H.P. Track Type Tractor equipped with a Side Boom Winch. 

Single track main line carrying from eight to twelve trains during the 
working day. Numerous switches and street crossings. 

The Tractor placed raik, frogs, s's^dtch points, etc. Removed rail from 
street erodings in 3 rail length sections. Placed 3 welded rail lengths at 
one time in street crossings. Unloaded frogs and switches from flat cars. 


Tractor 

Gas 1.45 gal. @ ,10 145 

Oil and Grease 070 

Operator 760 


Total Operating Cost per hour $ .975 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour ,545 

Sde Boom 

Ir^rance, Taxes, Supervision 025 

Depreciation * ’314 

Repairs, Cables and Supplies 160 


Total Flat Charge per hour ^ 499 

Total Cost per hour Tractor, Side Boom and Operator! ! ! $’ 019 

Average rails laid per hour— 23.8 
Maximum rails laid per hour— 60.0 

Cost per 39-ft. rail based on average ^ .0847 

Cost per 39-ft. rail based on maximum S *0336 


Maintenante of Way Work Equipment 


403 


Equipment 

Conditions 

Operation 

Costs 



SPREADING AND LEVELING CINDERS 

A 25 H.P, Track Type Tractor, a Gratfer, and a RoB-Over Scraper. 
Cinders unloaded in piles alongside track by clam^ell. 

Cinders were hauled to low with scraper and entire yard was 


leveled with grader. 

Tractor 

Gas 2,7 gal. @ .10 .27 

Oil and Grease 07 

Operator 76 


Total Operating Co^ per hour ? 1.100 

Insurance, Taxes, Supervidon 028 

Depredation .235 

Repairs 282 


Total Flat Charge per hour 545 

Grader 

Grease *015 

Operator *375 


Total C^)eratmg Cost per hour 390 

Insurance, Taxes, Supervidon .014 

Depreciation *. *B33 

Repairs * -^53 

SuK^ (cutting edges) 


Total Flat Charge per hour *254 

Scraper 

Insurance, Taxes, Supervision DIO 

Depredation • * 126 

Repairs * • ■ • D63 

Suj^li^ (cutting edges) D29 


Total Flat Charge per hour 328 

Total Cott per hour Tractor, Grader, Scraper 2317 

Total Cost for job— IS hours — |37.75 


m 
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REMOVING TRACK 


Equipment 

Conditions 


Operation 

CCfflTS 


A 25 H P. Track Type Tractor and a Side Boom. 

Required to load all material from 5S87 feet of track on flat cars. This 
included loading 2505 ties, 3 toilets, 3 coal boxes, 2 switches, and one flag 
shanty in addition to the rail. 

The entire job done with one foreman and seven laborers in approxi- 


mately twelve 8-hour working days. 

Tractor 

Gas 2.6 gal. @ .10 26 

Oil and Grease 07 

Operator 50 


Total Operating Cost per hour $ .830 

Insurance, Taxes, Supervision 028 

Depreciation — 235 

Repairs 282 


Total Flat Charge per hour 545 

Side Boom 

Insurance, Taxes, Supervision 025 

Depreciation 314 

Repairs, Cables and Supplies 160 


Total Flat Charge per hour 499 

Total hourly cost of Tractor and Side Boom 1.874 

Total Machinery Cost 76.5 hours @ $1,874 143 «36 

Section Foreman — 91 hours @ $.625 56.88 

Labor — 636 hours @ $.40 254.40 

Welder — 6 hours @ $.60 3.60 


Total Cost 

Cost per track foot 
Cost per track mile 


$458.24 
$ .078 

$411.84 
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Equipment 

Conditions 

Operation 

Costs 



TAMPING TIES WITH AIR TOOLS 

A 25 H.P. Track Type Tractor equipped with a Compressor. Operating 
four tampers. 

New pit run gravel ballast. Track raised an average of 3 inches. llO-lb. 
rail. 

A crew of 23 men raised all track, tamped ties, tightened bolts and ^ikes, 


and dressed shoulders. 

Tractor 

Gas 2.8 gal. @ .10 .28 

Oil and Grease 07 

Operator 76 


Total Operating Cost per hour $1,110 

Insurance, Taxes, Supervision 028 

Depreciation 235 

Repairs 282 


Total Flat Charge per hour 545 

Compressor 

Insurance, Taxes, Supervision 017 

Depreciation «176 

Repairs 088 

Supplies (hose, etc.) 044 


Total Flat Charge per hour 325 

Tampers 

Insurance, Taxes, Supervision 006 

Depreciation 02Q 

Repairs 014 


Total Flat Charge per hour 049 

Total Cost per hour Tractor, Compressor, Tampers $2,029 

Average number of ties tamped per hour (4 faces) — 167 

Cost per tie tamped (4 faces) $ .012 
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Equipment 

Conditions 

Operation 

CC^TS 



MOWING WEEDS 

A 10 H.P. Track Type Tractor equipped with a 6-foot mower. 
Ri^t-of-way width 100 feet. Topography irregular. Weeds about 4 


feet high and very dry. 

Cut close to fence, and on ade slopes. 

Tractor 

Gas 1.4 gal. @ .10 140 

Oil and Grease 050 

Curator per hour 500 


Total Operating Cost per hour $ .690 

Insurance, Taxes, Supervidon 016 

D^redation 135 

Repairs 175 


Total Flat Charge per hour .326 

Mower 

Insurance, Taxes, Supervision 004 

Depreciation 049 

Rqjaire 025 

Supplies (sickle blades) 020 


Total Flat Charge per hour .098 

Total Cost per hour Tractor, Mower, Operator 1.114 

Cost per tra<± mile of right-of-way $11.44 
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Equipment 

Conditions 

Operation 

Costs 



BUILDING DRAINAGE DITCHES 
A 25 HP. Track Type Tractor and small grader. 

Old ditches three feet from ends of ties in Sat country, caused water 
standing in ditdi to saturate snfagrade. 

New ditch was cut 9 feet from end of ties with grader and oW ditch filled 


and kvekd with surplus material. 

Tractor 

Gas, oil, grease and operator, per hour $ .760 

Depreciation, repairs, insurance, taxes, superviskm 46S 

Grader 

Grease and operator ^r hour .610 

Depreciation, repairs, insurance, taxes, sup^rvi^n, !^p- 
^es per hour .146 


Total co^ per hour of entire unit $ I 

Total co^ per mile of ditch complete $79JO 




CLEANING TRACK DITCHES WITH DITCHER 

Equipment A 2S H.P. Track Type Tractor equipped with front end ditcher. 
Conditions .Length of cut, 500 feet. Materiai varied from hard clay to mud. 

OpEiiATioN Work was carrkd on by digging bank back, beginning at one end and 

hauling material to end of cut, dumping over edge of fill. 


Costs Tractor 

Gas, oil, grease, operator per hour ? .870 

Insurance, taxes, supervision, depreciation and repairs 

per hour 522 

Ditcher 

Supplies, cutting edges, cables, etc. per hour OSO 

Insurance, taxes, supervision 249 

Total Cost entire unit per hour $1,691 

Average yards moved per hour — 12 cu. yds. 

Operating cost per cubic yard $ .072 

Total Cost per cubic yard $ .141 
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Summary 

1. The track type tractor works with a minimum interference to rail traffic. 

2. Work can be done at points not served by tracks. 

3. The tractor can be loaded on a flat car by its own power. 

4. The smaller sizes can be transported on a heavy duty push car or moved along the 
right-of-way under its own power 

5. The tractor is adaptable for use with small gangs. 

6. It can be used independently or as a part of larger operations, such as leveling ridges 
left by ditcher spreaders, etc. 

7. It is suitable for work during all seasons of the year. 

8. It does not require a skilled operator but can be driven by labor of ordinary intelli- 
gence and experience. 

9. It can operate over ground where teams or wheeled vehicles w^ouW bog. 

Conclusions 

Supplemented with suitable auxiliary equipment, track type tractors are adaptable 
to the economical and efficient performance of many classes of maintenance of way work 
and are sufficiently versatile to permit of all-year use. 

The Committee recommends that the subject be continued. 

Appendix D 

(9) ORGANIZATION FOR USE AND MAINTENANCE OF TIE 
TAMPING MACHINES— AIR AND ELECTRIC 

L. B. Holt, Chairman, Sub-Committee; M. D. Bowen, Robt. Faries, R. J. Gammie, Paul 
Hamilton, F. S. Hewes, H. I. Hoag, R. H. Kugler, C. H. Morse, E. H. Ness, Harry 
Slabotsky, F. M. Thomson, J. B. Trenholm. 

After reviewing information as to practices of railroads using tie tamping machines 
your Committee has reached the conclusion that, generally speaking, there are few funda- 
mental differences in the methods employed. 

It is thought advisable to make a concise statement of what appear to be the best 
practical standarcfe to follow and then each railroad can apply them with ^ch modiflca- 
tions as their individual requirements dictate. 

Tie tamping machinery has been in service ffiice 1913, in whidi year the first suc- 
cessful pneumatic unit, consfeting of a single cylinder compressor and two tampers, was 
developed. Progresave improvements have been made until now we have as ^andard 
2, 4, 8, 12 and 16 tool machines. 

The electric tamper dates from 1918 when the ‘Vibrator” type was developed. 
years ^ter the magnetically operated tool was introduced. In 1930 the nmtor driven 
“hammer blow” tamper was put on the market and in 1931 an “air-electric” tamper was 
put out for field test. It is now posable to obtain electric tamping outfits coi^isting of 
2, 4, 6, 8, 12 and 16 tool machines. 

Effi-dent and economical results with tie tamping machinery can only be accomplished 
wh^ the mechanism is in good working order and manned by reKable men under the 
direction of a competent fore man . 

Following is a statement of what appears the best balanced gang organizations for 
good, economical surfacing woik, with the most (xunmonfly used un^^ namely, the four, 
and twelve tool outfits of either pneumatic or efectric type. These organmtions 
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are d^^igned for surfacing work only, excluding labor for spacing and renewing of ties, 
as such work is outside the scope of this subject. WTien tie spacing and renewals are 
involved such additional men as may be required can be added to the organizations 

Organization or G*ang for Oper-^^ting Four Tool Outfits 

1 foreman 

1 machine oi>erator and handyman 

4 men on tampers 

1 man on jacks; also change off on tampers 

2 men handling ballast and hose or electric cables; also change off on tampers 
9 men 

Organization of Gang for Operating Eight Tool Outfits 

1 foreman 

1 machine operator and handyman 

5 men on tampers 

2 men on jacks; also change off on tampers 

2 men handling ballast and hose or electric cables; also change off on tampers 
1 man dressing off ballast 
1 water boy 

16 men 

Organization of Gang for Operating Twelve Tool Outfits 

1 foreman 
1 assstant foreman 

1 machine operator and handyman 
12 men on tampers 

4 men on jacks; also change off on tampers 

2 men cleaning out ballast ahead of tampers 

2 men forking ballast; ako change off on tampers and handle hose or electric cable 
1 water boy 

24 men 

Ordinary maintenance of tie tamping machinery during the oi>erating season, such as 
greasing, oiling, ckaning, renewing spark plugs, flushing radiators, oiling tampers, chang- 
ing gaskets, etc., should be handled by the operator who should be selected because of 
hh aptitude along mechanical lin^. 

More compEcated field repairs should be taken care of by the Division Mechanic 
who normally cares for gasoline engines, motor cars, etc., or the electrician whose duty 
it is to service eketrk tools. These men must make regular and systematic inspections 
of all tamping outfits under their jurisdiction and be responsible for the successful oper- 
ation of same. 

At the close of the operating season the complete tamping outfit, including tools, 
riiould be sent to the Division or Centralized Shop where it should be gone over thor- 
oughly by competent mechanics who will replace or repair all defective parts, dean the 
equipment thorou^ly inside and out and after painting, store same under suitable cover 
until needed in tl^ spring. 

During the winter overhauling of tamping outfits special attention should be given 
to the pneumatic tamping guns. This would include a thorough test to determine whether 
they are in efficient working condffion or whether the pistons and cylinders are so worn 
that they are not giving profitable service. Guns in normal condition should use about 

17 cu. ft. of air per minute at 90 pounds pressure and when the test indicates that the 

22 or more cu. ft. per minute they should either be repkeed or the cylinders 
he re-ground and ov^-aze pistons aff^lied so as to restore effideiK^^ of the tool. 
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Suggested Pipe Arrangement eor Eight and Twelve Tool Pneumatic Outitts as 
USED ON Four Tracks. (With slight modifications, can also he used for two tracks) 

(Details may be modifiied so as to employ other suitable pipe fittings) 
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The Division or Centralized Shop should be located adjacent to a adetrack so that 
tamping equipment can be readily unloaded from and relc^ded into cais. The ^op 
should be equipped with necessary machine tools requisite for ordinary maintenasKre 
repair work and hoists, either hand operated or electrical, Aould be provided to facilitate 
the wdrk. * 

If the compressing or generating units, as the case may be, require unusually heavy 
repairs or replacements it is usually best to return this equipment to the manufacturer 
who is better equipped to take care of any essential work and restore the outfit to its 
original state of efficiency. 

Power cables for electric tampers are provided by the manufacturer to suit his type 
of tamping unit. Some manufacturers employ one and others two line cables, therefore, 
the cable arrangement is governed by the type of machine used and diagrams to illus- 
trate a standard cable layout along the tracks is not feasible. 

Appendix E 

(12) TIE ADZING, SCORING AND BORING MACHINES 

A. I. Gauthier, Chairman, Sub-Committee; J. J. Davis, Wm. Elmer, W. R. Gillam, 

R. C. Haynes, F. S. Hewes, F. W. Hillman, L. B. Holt, C. H. R. Howe, A. J. Neafie. 

In developing the report the Committee has given attention to the adzing and bor- 
ing of ties in the field and not at the treating plant, believing that information desired 
deals with portable machines and their use on the track. 

Wood boring machines have been in use for a considerable length of time, whereas 
scoring and adzing machines have been developed to their present state in recent years. 

Gasoline driven scoring machines which score the ties to required depth as a guide 
for hand adzing are deagned to operate either two or four saws and make cuts across the 
ties on both sides of one or both rails to the proper depth, which is usually the seat of 
the rail or tie plate. The machine, once adjusted, does the scoring a uniform distance 
from top of head of rail, and in passing over new ties in which plates or rail are not 



Tie Scorer, pENKSYivAim Tie Scorer. 


embedded scores them a -minim um amount, whereas old, rail cut or pkte embedcfed tks 
are scored to the same depth in relation to top of rail head. The scoring madime also 
permits the adjustment of saws so that those on the inside of rail will score to a 
greater depth than those on the outside and with the hand adzing to the bottoms of 
scores; this provides a bevelled surface on tfe and the consequent canth:^ of rail without 
the use of canted plates. 


414 


Maintenance of Way Work Equipment 


The tie adzing machine which perfonns the entire operation of adzing in connection 
with rail laj'ing was developed about four years ago. Adzing is done by a series of bits 
securely fastened to a cutter head on a vertical shaft, belt driven from a gasoline engine 
located over two main wheels, which ride rail in tandem fashion and which are kept in 



Tie Adzer. 


position by sets of guides. This cutter head, operating a uniform distance from the 
working rail, is provided with a gage plate on the under side and flush with the cutter 
bits which serves as a guide and permits the adzing of the ties to rail or tie plate seat. 
If, however, it is desired to remove wood below rail or tie plate seat, this can be accom- 
plished by starting the cutting on the edge of tie and moving the cutter head across it. 
Cutter head can be set to adze perfectly level or on any desired cant. 

Boring machines are either of the pneumatic or electric type with power obtained 
from gasoline engine driven compressor or generator. Standard power drills, both elec- 
trical and pneumatic, are adaptable to this work and commonly used. 

The Committee has endeavored to ascertain to what extent these portable machines 
are used and while contact has not been made with all railroads, the questionnaire pre- 
pared has been answered by a representative number of roads. 

Where hand adzing is done, scoring machines have not been generally used. Neither 
are scoring machines used in conjunction with adzing machines. In using the scoring 
machine either two or four saws may be used, depending on the, make of the machine. 
It is the opinion of those using the scoring machine that it is essential to a good job 
where hand adzing is done and almost indispensable to provide uniform bearing for rail 
when rail laying is done in the winter time, thus eliminating large amount of shimming. 
Before scoring machine is used all ties should be tamped snugly to base of rail when 
possible. 

In using adzing machine maximum amount of adzing can be controlled by adzing 
until g;age plate comes in contact with old rail or tie plate seat, but this will not gener- 
ally be the proper depth for laying rail on uniformly thick tie plates on account of the 
fact that oM plates may not be of same thickness and all ties may not have been fur- 
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nished with plates. However, it is not the practice to do all of the adzing on each in- 
dividual tie by one machine. Machines are employed in batteries of from two to four, 
principally three, the first two machines making the rough cuts and the last machine 
making the finish cut. Machines are not held stationary’ over a tie but are w’orked pro- 
gressively along the track, each machine beginning the work of adzing at edge of tie and 
going across the upper face of it. This greatly facilitates the work but leaves the proper 
amount of adzing to the judgment of the operator. 

Before adzing machines are used it is necessary to low’er the ballast in the cribs 
between the ties to prevent fouling cutter bits and immediately ahead of the machine 
it is customary to sweep the tops of ties clean of all dirt. 

The majority of roads adze ties level. 

In using adzing machine, operators are protected by wearing goggle and shin guards, 
although later machines are provided with guard around the cutter head which prevents 
chips and stones being thrown about. 

It is the practice to apply wood preservative, generally creosote oil, to all surfaces 
of treated ties where adzing has been done either by hand or by machine. The Com- 
mittee recommends the application of hot creosote oil. 

It is the opinion, based on experiences of those roads employ’ing adzing machines, 
and the belief of some who do hand adzing, that the use of adzing machines provide a 
very accurate seat for the rail which therefore requires less regageing. It also prevents 
bent tie plates and damaged rail. 

Where tie plating is being done out of face, if rail is removed, good bearing for rail 
can be provided by using adzing machines similar to where rail is laid and with equally 
good results, but where rail is left in place, adzing machines cannot be used and adzing 
has to be done by band. The use of scoring machines on this work will furnish accu- 
rate guide for hand adzing and provide good bearing for tie plates. This is especially 
true if the plating is done in the winter time. 

Boring for rail spikes is done in almost all cases at treating plant before ties are 
treated. The exceptions are for ties used -with light rail or ties of low grade. The small 
amount of boring done in the field is either done by hand or by machine operated 
pneumatically or electrically. 

The practice of lagging tie plates does not seem to be general but where these and 
certain types of joint plates are lagged, it is the practice in almost all instances to bore 
holes for lag spikes or screws at treating plant before ties are treated- 

The Committee endeavored to obtain information on the cost per track mik of hand 
adzing, tie scoring and machine adzing, but owing to the wide variation in cost figures 
furnished due to different methods of doing work and variable working conditions, do 
not believe they are of much value. Neither were cost figures on operatk>n of boring 
machines available. 

Conclusion 

While it is possible to obtain good riding track by laying rail on ties adzed by hand, 
without the use of any machinery, and do the work in such a manner as to provide good 
bearing for the rail without bending of tk plates and consequent damage to raS, this is 
a costly method of doing the work. A much better job of adzing can be obtained by 
the use of the scoring machine in connection with hand adzing and a better aiKi much 
less costly job can be obtained by employing adzing m ach in es. 

Uniform machine adzing can be obtained by i^e of scaring machine to go ahead of 
adzing machine to score a groove in each tie. Providh^ the adzir^ machme with a 
runner to take bearing in bottom of groove wotiM the of adzing and 

not leave it to the judgment of operator. 
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Appendix F 

(13) THE USE OF DITCHING-SPREADERS 

C. L. Fero, Chainnan, Sub-Committee; W. R. Gillam, Paul Hamilton, G. W. Hunt, 

R. H. Kugler, R. A. Morrison, E. Pharand, H. Slabotsky, H. W. Stetson, Fred 

Zavatkay. 

Introduction 

In compiling this report the Committee has endeavored to ascertain to what extent 
Ditching- Spreaders are used on the railroads, the saving over hand labor and the various 
operations performed with this type of machine. 

Ditching equipment falls into two classes, namely, “On-the-track” machi n es and “Off- 
the-track” machine. The Committee has not considered “Off-the-track” machines as 
this class of equipment does not come within the scope of the term “Ditching-Spreader.” 

The maintenance or cutting of new ditches along a railway roadbed is usually accom- 
plished by three types of “On-the-track” machines. The first of these is the locomotive 
type which picks up the material by means of a bucket or shovel depositing it in cars 
or wasting it over banks wherever possible. It can readily be seen that this type does 
not come within the category of “Ditching-Spreaders.” The second and third are the 
wing and box type respectively, which are covered in this report. 

History and Development 

The forminners of the pr^nt ditching-spreaders were home-made units known as 
Moulder or ballast plows having comparatively short wings and are now practically 
obsolete. 

These were followed by the first of the wing type spreaders having wooden wings, 
faced with steel and could only be used for spreading operations. 

In the fall of 1918, the manufacturers of the wing type machine added a ditching 
feature consisting of a steel template wing with the bottom edge constructed to conform 
to the shape of the cross-section of the shoulder and ditch. 

Various refinements have folbwed such as in 1920 air operated diagonal braces. In 
1922 the comp(«ite machine (which eliminated two sets of wings, i. e., spreader and 
ditcher), and in 1924 air cylinders to raise and lower bank slopers, air motors to raise 
and lower the ditching section, and stop pin hydraulic cylinders to hold bank slopers in 
the different podtions. 

The heavy-duty telescopic wing type machine introduced in 1929 more nearly meets 
the requirements of an adequate Ditching-Spreader. 

In 1931 the self-propelled box type machine was presented to the railroads. This 
type of m a c hi ne is in the experimental stage and not in general use as yet. 

Types and Age of Machines Reported 

The Committee’s survey of the machines owned by the various trunk line systems 
reveals the following information relative to types. Of those in use, 32 per cent are of 
the new telescopic wing type. Forty per cent are of the composite type and the remain- 
ing 28 per cent are of the earlier models. 

Ihere were no home-made or box type machines reported as being in use, although 
there are a few of the home-made ballast plow^ still being used for certain operations 
on a few railroads. 

The age of the machines varied from 3 to 20 years. 
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System Equipment 

Practically all the railroads reporting consider their Ditching-Spreaders as “^stem” 
equipment. A few lines allot units to certain divisions for snow service during the winter 
months. 

Operations Performed 

Reports received indicate the general use of wing type Ditching-Spreaders for the 
following operations: 

a. Cleaning, ditching, and shaping of roadbed, ^ouWer and ditch 

b. Bank sloping of cuts 

c. Bank widening on fills 

d. Dragging dirt out of cuts onto fills 

e. Distribution, shaping and dressing of ballast 

f. Spreading for second main or additional tracks and track elevation work 

g. Removal of snow from main lines adjacent to yard tracks 

h. Removal of snow and ice between and outside of rails with front plow, wdn^ 
and ice cutting attachment 

i. Plowing off stone ballast shoulder for cleaning 

j. Leveling back old ballast Moulder below bottom of tks, previous to applying 
new gravel or rock ballast 

k. Cutting down sub-grade from 18'' to 20" below bottom of ties and about 8" 
from end of ties to get rki of bad material in sub-grade 

l. Spreading cinder piles at the various engine houses or cinder dumps 

Derailing 

Seventy-six per cent of the lines indicated that they experienced little or no trouble 
from derailing of this type of equipment, when reasonable judgment was used in the 
depth of cut or amount of material moved. 

In some cases, however, this trouble was encountered when drawing one wing onlj' 
in a cut and was overcome by opening the -wing on the oi^)osite side and aBowdng it 
to drag slightly. 

In another instance, derailing was overcome by placing additional wright on the 
body of the machine. 

In a third instance, this difficulty was met with in ^reading material deposited by 
air dump cars and was corrected by not allowing too much material to be dumped in 
one spot, i. e., by keqnng the cars moving along slowly while dumping and by not at- 
tempting too deep a cut the first time over. 

In some cases teeth are apfdied to wings to plow hard material. 

Operators 

In practically every instance the replies indicated that selwded men were tramed to 
oi>erate these units. 

The practice of one of the railroads, while it seems to be an exception to the t^kdency 
stated above, is well worth mentiomi^. Wh^ its ditching-dreaders are oporated m con- 
junction with steam or gas ditchers, the ditdber operator akeraates between tl^ Ditdier- 
^weader and ditcher. Chi the other hand, when the sprratder used iiKldciidently the 
Section Foreman operates it. 

Crew 

In regard to the number of men makii^ up the crew of a Ditching-^ireade^, other 
than the operator, an analysis of the replies shows the folk wing: 

Forty-rix per cent of the rc^cfe ass%n 1 imn. 

Thirty-one per cent provide no crew to as^ the operator. 
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Eight per cent assign a foreman and three men. 

Eight j>er cent assign 1 man for ditching and shaping of)erations and 4 to 6 men 
for genera! work. 

The remaining seven per cent use the unit in work train service and the work train 
gang assist in its operation as needed. 

Responsibility for Operation and Performance 

Responsibility for the proper operation and performance of the unit and for the 
maintenance of proper ditch and shoulder section was placed upon Roadmasters by 
thirty-one per cent of the railroads. Nine per cent placed this responsibility on the work 
train foreman. The remaining sixty per cent reported equally on track supervisors, sec- 
tion foremen, operators of the units and foremen assigned to the units as being answer- 
able for such performance. 

Ditching-Spreaders Versus Other Methods 

That the adaptability and economy of this machine in ditching operations is fully 
realized is forcibly illustrated by the fact that over one-half of the lines report that they 
now use this unit to perform eighty per cent or more of this kind of w'ork which w^as 
formerly done by other methods. 

Miles Per Day 

Conditions under which the machine is operated such as traffic, character of material 
bandkd and nature of work done vary to such an extent that results accomplished are 
not comparable. Reports indicate a wide variation in miles per day, ranging from 3 
miles as a minimum to 40 miles when working in light sand or loam. 

Savings Through Use 

The varied nature of the work done by this type of machine is such that no definite 
figures as to cost per yard or mile of ditch cleaned or made can be given. However, 
reports indicate that the use of the machine results in savings as high as 80 per cent 
under the cost of hand and team work and 60 per cent under the cost of ditching by 
dipper type of ditchers. 

Cost Per Cubic Yard 

It is obviously difficult to show definitely the cost of moving material without tak- 
ing into consideration the nature of material handled and conditions under which the 
work is done. Costs range from 17 cents to 25 cents per cubic yard with Ditching- 
Spreaders while hand work ranges from 35 cents to $1.00, team work 25 cents to $1.00 
and steam or gasoline ditcher 17 cents to 52 cents. 

Days Worked Per Year 

CcuniMiation of answers to the question regarding the average number of days that 
the machines work per year follows: 


Machines working less than 100 days per year 8 per cent 

“ - “ 100 to 150 “ « 25 per cent 

“ « 150 “ 200 “ “ “ 25 per cent 

“ 200 “ 250 » “ “ 25 per cent 

« « 250 “ 300 “ “ - 6 per cent 

“ “ every working day g per cent 
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Comments on Wing Type Machine 

It is evident that the wing type Ditching-Spreader has proven satisfactory for the 
performance of the operations for which it was designed. 

In every case the machine received commendation and in one or two instances con- 
structive suggestions were offered such as that the method of applying certain parts might 
be changed to facilitate their renewal. 



Wing Type Ditching-Spreader — ^Wings Extended. 


Comments on Box Type Machine 

Comments on the new box type self-propeBed IMtcher-Spreader ^ows that the 
Maintenance Engineers are watching its development with keen interest. 
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The machine, in its present stage of development, is not designed for heavy cutting 
but rather for cutting light ditches and cleaning ditches already cut. Although addi- 
tional tractive power ran be applied and several appliances can be added which would 
allow for operations other than ditching and spreading. 



Box Type Ditching-Sfreader. 


“ Conclusions 

The Committee recommends that the report be received as information. 
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H. E. Horrocks, 
R. S. Hubley, 

M. F. Jaeger, 

W. H. Kjrkbride, 

F. C. Krell, 

A. J. Loom, 

W. T. MacCart, 

G. P. MacLaren, 


C. F. Ford, Vice-Chairman; 

F. D. Mattos, 

Clyde Osborne, 

J. H. Reeder, 

L. J. Reiser, 

L. B. Shipley, 

0. C. Steinmayer, 

G. C. Stephenson, 

T. H. Strate, 

W. A. Summerhays, 

C. M. Taylor, 

Dr. H. von Schrenk, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith report covering the following sub- 
jects: 

(1) Revision of Manual (Appendix A). 

(2) Service Test Records for Treated Ties (Appendix B). 

(3) Piling Used for Marine Construction (Appendix C). 

(4) Specifications for Treatment of Air Seasoned Douglas Fir (Appendix D) . 

(5) Destruction by Termite and possible ways of prevention (Appendix E). 

(6) Methods of protection of treated materials in the field, collaborating with 

Committee IH — ^Ties, and Committee VII — ^Wooden Bridges and Trestles 
(Appendix F) . 

(7) Cooperate with the Bureau of Standards and the Committees of the American 

Society for Testing Materials and American Wood Preservers* Association 
with the view of developing suitable tables of factors of expansion for 
coal-tar, petroleum, creosote coal-tar solution, and creosote petroleum mix- 
tures for such ranges of temperature as are of interest to the users of 
treated timber (Appendix G). 


Action Recommended 

1. That the information contained in Appendix A, Revision of Manual, be approved 
for publication in the Manual 

2. That the information contained in Appendix B, Service Test Records for Treated 
Ties; Appendix C, Piling Used for Marine Construction; Appendix D, Specifications for 
Treatment of Air Seasoned Douglas Fir; Appendix E, Destruction by Termite and pos- 
sible ways of Prevention, and Appendix F, Methods of Protection of Treated Materials 
in the Field, collaborating with Committee III — ^Ties, and Committee VII — ^Wooden 
Bridges and Trestles, be accepted as information. 

3. That the information contained in Appendix G, Cooperate with the Bureau of 
Standards and the Committees of the American Society for Testing Materials and Amer- 
ican Wood Preservers’ Association, with a view of developing suitable tables of factors 
of expansion for coal-tar, petroleum, creosote coal-tar solution, and creosote petrokum 
mixtures for such ranges of temperature as are of interest to the users of treated timber, 
be accepted and this subject be discontinued. 

Respectfully submitted, 

The Committee on Wood Preservation, 

T> n T^ V inuo C. ShEpherd, Ckokman. 

Bulletin 352, December, 1932. ’ 
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Appendix A 

(1) REVISION OF MANUAL 

0. C. Steininayer, Chairman, Sub-Committee; E. B. Fulks, R. S. Belcher, C. S. Burt, 

Walter Buehler, C. W. Greene, M. F. Jaeger, H. E. Horrocks, F. D. Mattos, G. C. 

Stephenson, L. B. Shipley, Dr. Hermann von Schrenk. 

(I) 

For the past several years consideration has been given to the serious differences in 
results that are encountered when crepsote is distilled at localities differing widely in 
altitude. At 5,000 feet as cempared with sea level, the temperature readings are from 
8 to 11 degrees lower, the differences increasing as the temperatures rise. Comparative 
distillation t^s under the direction of Mr. Belcher were made at two Santa Fe plants, 
namely, Somer\dlle, Texas, altitude 250 feet, and at Albuquerque, New Mexico, altitude 
4,943 feet. The same operator made the test at both places, using the same oil samples 
and apparatus for distillation. Mr. Ernest Bateman of the Forest Products Laboratory 
prepared a theoretical temperature correction table based on 5,000 feet elevation for 
Mr. Bekber at that time. The Santa Fe results were in very close agreement with the 
calculated temperatures. Similar tests were made at two treating plants of the Southern 
Pacific located at West Oakland, California, at sea level, and at Alamagorda, New Mexico, 
altitude 4,320 feet. The results of these tests were in close agreement with those of the 
Santa Fe. 

These observations and calculations have been reported in detail in the Proceedings 
ot the American Wood Preservers’ Association for 1926 and 1927, and it seems hardly 
necessary to repeat them at this time. The American Wood Preservers’ Association re- 
cently has given its approval to a table to be used for eliminating these differences. 

Your Committee therefore recommends that the Manual be revised by the insertion, 
after the paragraph on page 1302, ending on line 21 with the word “centigrade”, the 
following table: 

Tekpebatures at Which Fractions Should Be Cut to Correct 
Distillation Temperatures for Different Altitudes 

Cc«Tecti(Mi5 are ma(3e to ti« nearest 1®C. 


ESeration 









Fractionatton temp^tures for vaxious altitudes 


1® fe^ 







0 

200°C. I 

210®C. 

235°C. 

27(PC. 

315®C. 

355°C. 

1.000 

198 

208 

233 

268 

313 

353 

1.500 

197 

207 

232 

267 

312 

352 

2.000 

190 

206 

231 

266 

311 

351 

2.500 

190 

206 

230 

265 

310 

350 

3.000 

195 

205 

230 

264 

309 

349 

3A00 

194 

204 

229 

263 

308 

348 

4.000 

193 

203 

228 

263 

307 

347 

4,500 

193 

202 

227 

262 

306 

346 

5.000 

192 

202 

226 

261 

305 

344 

5A00 • 

191 

201 

225 

260 

304 

343 

6 000 

190 

200 

225 

260 

303 

343 
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(H) 

It wiU be recalled that for the past six years a Joint Committee composed of repre- 
sentatives of the American Wood Preservers’ Association, the American Railway Engineer- 
ing Association, and the American Society for Testing Materials has been cooperating 
with the Bureau of Standards in an endeavor to develop suitable correction factors for 
the changes in the volume and specific gravity of creosote oil with temperature. All of 
this work has been done at the Bureau of Standards and our Association is very deeply 
indebted to them for the admirable cooperation they have given this work. 

The first work involved a study of some nine samples of creosote oil and solutions 
of different origin and resulted in the present tables for distillate oils. At this time it 
w’as felt that we did not have sufficient samples to cover the subject of creosote-coal tar 
solutions or coke oven tars. To secure the necessary information seven representative 
samples of coke oven tar were submitted and studied, and in addition samples of creosote- 
coal tar solution of different tar content were investigated. 

As a result of this work, the Bureau of Standards prepared tables to be used in 
making corrections in volume and specific gravity of creosote, creosote coal-tar solution, 
and coal tar. The use of these tables has been approved by the American Sodety for 
Testing Materials, and by the American Wood Preservers’ Association. 

Your Committee recommends the withdrawal from the Manual of the tabk of 
factors shown in the Supplement to the Manual, BuHetin 327, pages 82 to 86 inclusive, 
and the substitution therefor of the following tables: 
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Table I. — \oljtme Correction Table for Creosote, Creosote Coal Tar 
Solution (up to 50 per cent Tar) and Coal Tar 

Tl« observed volume is to be multiplied by the factor corresponding to the 
otserved temperatures 


CHoserred 
Twapwature, 
d^. Fahr. 

Vcdume at 100° F. 0( 
Unit Volunie at In 
Temperatun 

•cupied hy 
dicated 

CreoptAe 

Salutioa 

Coal Tar 

230 

0.9526 

0.6542 

0.9594 

219 

0.9530 

0.9546 

0.9597 

218 

0.9534 

0.9550 

0.9600 

217 

0.9538 

0.9554 

0.9604 

21$ 

0.9542 

0.9557 

0.9607 

215 

0.9546 

0.9561 

0.9611 

214 

0.S550 

0.9565 

0.9614 

213 

0.9554 

0.9569 

0.S618 

212 

fl.9558 

0.9573 

0.9621 

211 

0.9561 

0.9577 

0-9625 

210 

0.9565 

0.9581 

0.9628 

^ 

0.9569 

0.9584 

0.9632 

m - 

0.9573 

0.9588 

0.9S35 

207 

0.9577 

0.9592 

0-9639 

m 

0.9581 

0.9596 

0.9642 

205 

0.9585 

0.9600 

0.9646 

204 

U.95S9 

0.9604 

0.9649 

m 

0.9593 

0.9606 

0.9652 

202 

0.9597 

0.9611 

0.9656 

201 

0.9601 

0.9615 

0.9659 

200 

0.9005 

0.9619 

0.9663 

199 

0.9509 

0 9623 

0.9666 


0.9612 

0.9627 

(L9670 

197 

0.9616 

0.9631 

0.9673 

m 

0.96^ 

0.9634 

0.9677 

195 

0,9624 

0.9638 

0.9680 

194 

0.9528 

0.9642 

0.9584 

193., 

0.9632 

0.9646 

0.9687 

192 

0.9636 

0.9650 

0.9690 

191 

0.9640 

0-9654 

0.9^4 

190. 

0.9644 

0,9658 

0.9697 

189 

0.9648 

0.9662 

0.9701 

188 

0.9652 

0.9665 

0.9704 

187 

0.9656 

0.9669 

0.9708 

im 

0.9660 

0.9673 

0.9711 

iss 

0.9664 

0.9677 

0.9714 

184 

0.9668 

0.9681 

0.9718 

183 

0.9672 

0.9685 

0.9721 

182 

0.9676 

0.9688 

0,9725 

ISL.. 

0.9680 

0.9692 

0.9728 

180 

0.9684 

0.9696 

; 0.9732 

179 

0.9687 

0.9700 

0.9735 

178... 

0.9691 

0.9704 

0.S739 

177 

0.9695 

0.9708 

0.9742 

176 

0.9^ 

0.9712 

0.9745 

175 

0.9703 

0.9715 

0.9749 

174 

0.9707 

0.9719 

0.9752 

173 

0.9711 

0.9723 

0.9756 

172 

0.9715 

0.9727 

0.9759 

171 

0 .9719 

0.9731 

0.9762 

170 

0.9723 

0.9735 

0.9766 

169.-_ 

0.9727 

0.9738 

0.9769 

168 

0.9731 

0.9742 

0.9772 

167 

0.9735 

0.9746 

0.9776 

m. 

0.9739 

0.9750 

0.9779 


Observed 
Temperature, 
deg. Fahr 

Volume at 100° F. Oc 
Unit Volume at In 
Temperature 

cupied by 
idieated 

Creosote 

Solution 

Coal Tar 

165 

0 .9743 

0.9754 

0.9783 

164 

0.9747 

0 .9758 

0.9786 

163 

0 .9751 

0.9762 

0.9789 

162_ 

0.9754 

0.9765 

0.9793 

161 

0.9758 

0.9769 

0.6796 

160 

0 .9762 

0.9773 

0.6800 

159 

0.9766 

0.9777 

0.9803 

158 

0.9770 

0.9781 

0.9806 

157 

0 .9774 

0.9785 

0.9810 

156 - 

0.9778 

0.9788 

0.9813 

155 

0 .9782 

0.9792 

0-9S16 

154 — 

0.9786 

0.6796 

0.9820 

153.-.- 

0.9760 

0.9800 

0.6823 

152,... 

0 .9794 

0.9804 

0.9827 

151 

0-9798 

0.9.S08 

0.9S30 

150 

0.9802 

0.9811 

0.9833 

149 

0.9806 

0 .9815 

o.e8;u 

148 ... 

0.9R10 

0.9819 

0 .6.840 

147 

0 .9814 

0 .9823 

0 .9844 

146 

0.9618 

0 .9827 

0.9847 

145 

0 .9822 

0 .£830 

0.9850 

144 

0.9826 

0.9834 

0.9854 

143 

0.9830 

0.9838 

0.9857 

142 

0.9834 

0.9842 

0.9860 

141 

0.9838 

0 .9846 

0.9864 

140 

0.9842 

0.9850 

0.9867 

139 

0.9846 

0.9853 

0-9870 

138 

0.9850 

0.98.j7 

0.9874 

137 

0.9853 

0.9861 

0 .9877 

136 

0.9S57 

0.9865 

0-9880 

135 

0 .9861 

0.9868 

0.9884 

134.... 

0.9865 

0.9872 

0-9887 

133 

0.9869 

0.9876 

0.9890 

132 

0 .9873 

0.9880 

0.9894 

131 

0 .9877 

C.9884 

0.9897 

130 

0.9881 

0.9887 

0.9900 

129 

0.9885 

0.9891 

0.9904 

128 

0.9889 

0.9895 

0.9907 

127 

0 .9893 

0.9899 

0.9910 

126 

0 .9897 

0.9902 

0.9914 

125 

0.9901 

0.9906 

0.9917 

124 

0.9905 

0.9910 

0.9920 

123 

0.9909 

0.S914 

0.9924 


0.9913 

0.9917 

0.9927 

121 

0.9917 

0-9921 

0.9930 

120..__ 

0.9921 

0.9925 

0.9934 

119 

0.9925 

0.9929 

0.9937 

118 

0.9929 

0.9932 

0.9940 

117.. 

0,9932 

0.9936 

0.9944 

116 

0.9936 

0.9940 

0.9947 

115 

0.9940 

0.9944 

0.9950 

114 

0 .9944 

0.994S 

0.9954 

113..._ 

0.9948 

0.9951 

0.9957 

112 

0.9952 

0.9955 

0,9960 

Ill 

0.9956 

0.9959 

0.9964 
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Table I. — (Continued) 

The observed volume is to be multiplied by the factor corresponding to the 
observed temperatures 


Observed 
Temperature, 
d^. Fahr. 

Volume at 
Unitv 

100^ F. 0< 
olume at In 
[’mperatuit 

scupied 

dicated 

Creosote 

Solution 

Coal Tar 

110 

0.9960 

0.9962 

0.9967 

109 

0.9964 

0-9966 

0.9970 

108 

0.9968 

0.9970 

0.9974 

107 

100 

0.9972 

0.9976 

0.9974 

0.9978 

0.9977 

0.9980 



] 

Otee-red 
Temp«ature, 
d^. Fahr. 

Vi^ame a 
Unit \ 

1 100® P. Oc 
''oluaie at In 
r^pesratmt 

«upkd by 
idkated 

Creosote 

St^ution : 

Coal Tar 

ia5 

0.9980 

0.9981 

0.9983 

104 

0.99S4 

0.9^6 

0.9987 

103... 

0.9988 

0.9989 

0.9990 

102 

0.9992 

0.9992 

0.9993 

101 

0.9996 

0.9996 

1 0.9997 

100 

1,0000 

1.0000 

1.0000 


The portion of the table below should not l>e used unless the oil i'3 entirely free from cry^t'vte. 


99 

1.0004 

1.0004 

1.0003 

79 

1.0083 

1.0079 

1.0070 

98- 1 

1-0008 

1 .0012 

1.0008 

1.0007 

78 

1.0087 

1.0082 

1.0073 

97- 

1.0011 

1.0010 

77_ 

1.0091 

1.0086 

1.0076 

96 

1.0016 

1.0020 

1.0015 

1.0013 

76_ 

1.0095 

1.0090 

1.00^ 

95- 

1 .0019 

1.0017 

75- 

1.0099 

1.0094 

1.0083 

94- - _ — 

1.0024 

1.0022 

1.0020 

74- 

1-0103 

1,0097 

1-0086 

93 

1.0028 1 

1.0026 

1.0023 

73 

1 .0107 

1 .0101 

1.0089 

92 

1.0032 

1.0030 

1,0026 

72 

1.0111 

1.0105 

1.0093 

91 

1.0036 

1,0034 

1,0030 

71_ 

1.0115 

1.0109 

1.0096 

90 

1.0040 

1.0038 

1.0033 

70 

1.0118 

1.0112 

1.0099 

89 

1.0043 

1.0047 

1.0041 

1.0036 

69 

1.0122 

1,0116 

1.0103 

88_ 

1 .0045 

: 1.0040 

68 

1.0126 

1.0120 

1.0106 

87- 

1.0051 

1 .0049 

1.0043 

67- 

1.0130 

1 .0124 

1 .0109 

86 

1.0055 

1.0052 

1.0046 

66 

1 .0134 

1.0127 

1.0II2 

a5- 

* 1.0059 

1.0056 

1.0050 

65.- 

1.0138 

1 .0131 

: 1.0116 

84 

1.0063 

1.0067 

1.0060 

1.0093 

64 

1.0142 

1.0135 

1.0119 

83 

1.0064 

1.0056 

63 

1 .0146 

1.0138 

1.0122 

82 

: 1 .0071 

1.0067 

1.0060 

62 

1.0150 

1 .0142 

1.0126 

81 

1.0075 

1.0079 

1.0071 

1.0063 

61 

1. 0154 

1 .0146 

1.0129 

80- 

1.0075 

1.0066 

60 

1.0158 

1.0150 

1.0132 



426 


Wood Preservation 


Table II. — SpEcmc Gravity Correction Table for Creosote, Creosote 
Coal-Tar Solution (up to 50 per cent Tar) and Coal Tar 


Observed 
Temperature, 
deg. Fahr. 

Add to Ofa 

served Spec 

[fie Gravity 

Creosote 

Solution 

Cml Tar 

220 

0.0491 

0.0481 

0.0451 

219 

0.0487 

0.0477 

0.0447 

218 

0.0483 

0.0473 

0.0443 

217 

0.0479 

0.0469 

0.0439 

210.. 

0.0475 

0.0465 

0.0436 

215 

0.0471 

0.0460 

0.0432 

214 

0.0467 

0.0456 

0.0428 

213 

0.0462 

0.0452 

0.0424 

212 

0.0458 

0.0448 

0.0420 

211 

0.0454 

0.0444 

0.0417 

210 

0.0450 

0.0440 

0,0413 

209.. 

0.0446 

0.0436 

0-0409 

208 - 

0.0442 

0.0432 

0.0405 

^7.. 

0.0438 

0.0428 

0.0401 

206 

0.0434 

0.0424 

0.0398 

2CS 

0.0430 

0.0420 

0.0394 

204.... 

0-0426 

0-0416 

0.0390 

203 

0.0422 

0.0412 

0.0386 

m 

0.0418 

0.0408 

0.0382 

201 

0.0413 

0.0404 

0-0379 

200 

0.0409 

0.0400 

0.0375 

m 

0.0405 

0.0396 

0.0371 

198 

0-0401 

0.0392 

0.0367 

197 

0.0397 

0.0388 

0.0363 

196 

0.0392 

0.0384 

0.0360 

m 

0,0388 

0.0379 

0.0356 

194 

0-0384 

0.0375 

0.0353 

193 

0.0380 

0.0371 

0.0348 

192 

0.0375 

1 0.0367 

0.0344 

191 

0.0371 

0.0363 

0.0341 1 

190 

0.0367 

0.0359 

0.0337 

m 

0.{^63 

0.0355 

0-0333 

188 

! 0.0359 

0.0331 

0.0329 

187 

i 0.0355 

0,0347 

0.0325 

186 

^ 0.0351 

0.0343 

0.CQ22 

185.. 

0.0347 

0.0339 

0.0318 

184 

0.0343 

0.0335 

0.0314 

183 

0.0339 

0-0331 

0.0310 1 

182 

0.0334 

0-0327 

0.0306 j 

181 

0.0330 

0.0323 

0.0303 

180 

0.0326 

0.0319 

0 0299 

179 

0.0322 

0.0315 

0.0295 

178 

0.0318 

0.0311 

' 0.0291 

177 

0.0314 

0.0307 

0.0288 

176 

0.0309 

0.0303 

0.0284 

175 

0.0305 

0.02^ 

0.0280 

174 

0.0301 

0-0294 

0.0276 

173. 

0.0297 

0.0290 

0.0272 

172 

0.0293 

0.0286 

0.0269 

171 

0.0280 

0,0282 

0.0265 

176 

0.0^ 

0.0278 

0.0261 

168 .. 

tijxm 

0.0274 

0.0257 

168..... 

0.0276 

0.0270 

0.0254 

167 

0.0272 

0.0266 

0.0250 

166 

0.0268 

0.0262 

0.0246 

165... 

; 0.0264 

0.0258 

0.0242 

164 

0.0280 

0.0254 

0.0238 

163 

0.^6 

0.{^50 

0,0234 

162._ 

0.0252 

0.024$ 

omi 

161 

0.0248 

0.0242 

0.0227 


Observed 
Temperature, 
deg. Fahr 

Add to Observed Spec 

ific Gravity 

Creosote 

Solution 

Coal Tar 

160.. - 

0-0244 

0.0238 

0.0223 

159 

0.0239 

0.0234 

0.0219 

158 

0.0234- 

0.0230 

0.0216 

157 

0.0230 

0.0226 

0.0212 

156 

0.0226 

0.0222 

0.0208 

155 

0.0222 

0.0218 

0.0204 

154 

0-0218 

0.0214 

0.0200 

153— - 

0.0214 

0.0210 

0.0197 

152_ 

0.0210 

0.0206 

0.0193 

151 

0.0206 

0 .0202 

0.0189 

150 

0.0202 

0.0198 

0.0186 

149„ 

0-0198 

0.0194 

0.0182 

148 

0.0194 

0.0190 

0.0178 

147 - 

0.0189 

0.0186 

0.0174 

146 - 

0.0186 

0 .0182 

0 .0170 

145 

0.0182 

0.0178 

0.0167 

144„ 

0.0177 

0.0174 

0.0163 

143 

0.0173 

0.0170 

0.0159 

142 

0.0169 

0.0166 

0.0155 

141 

0.0165 

0.0162 

0.0152 

140 

0.0161 

0.0158 

0.0148 

139 j 

0.0157 

0 .0154 

0.0144 

138 ! 

0.0153 

0.0150 

0.0141 

137 

0.0149 

0.0146 

0.0137 

136 

0.0145 

0.0142 

0.0133 

135 

0 0141 

0.0138 

0.0130 

134 

0.0137 

0.0134 , 

0.0126 

133 

0.0133 

0.0130 1 

0.0122 

132 

0.0129 

0.0126 

0.0118 

131 

0.0125 

0.0122 

0.0115 

130 

0.0121 

0.0118 

0.0111 

129 

0.0117 

0.0114 

0 .0107 

128 

0.0113 

0.0110 

0.0104 

127 

0.0109 

0.0106 

0.0100 

126 

0.0105 

0.0102 

0.0096 

125 

0.0101 

0.0098 

0.0092 

124 

0.0097 

! 0.0094 

' 0.0089 

123_,_ 

0.0093 

0.0090 

0.0085 

122 

0.0089 

0.0087 

0.0081 

121 

0.0084 

0.0083 

0.0078 

120- 

0.0080 

0.0079 

0.0074 

119 

0.0076 

0.0075 

0.0070 

118 

0.0072 

0.0071 . 

0.0067 

117 

0.0068 

0.0067 

0.0063 

116— 

0.0064 

0.0063 

0.0059 

115 

0.0060 

0.0059 

0.0056 

114— 

0.0056 

0.0055 

0.0052 

113 

0.0052 

0.0051 

0.0048 

112 

0.0048 

0.0047 

0.0044 

111— 

0.0044 

0.0043 

0.0041 

no... 

0.0040 

0.0039 

0.0037 

109.... 

0.0036 

0.0035 

0.0033 

108 

0.0032 

0.0031 

0.0030 

107 

0.0028 

0.0027 

0.0026 

106 

0.0024 

0.0023 

0.0022 

105 

0.0020 

0.0020 

0.0018 

104... 

0.0016 

0.0016 

0.0015 

103.._ 

0.0012 

0.0012 

0.0011 

102 

0.0008 

0.0008 

0.0007 

101... 

0.0004 

0.0004 

0.0004 

100 

0.0000 

0.0000 

0.0000 
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Table n. — (Continued) 

The portion of the table below should not be nsed unless the oil is entirely free from crystals 


Observed 
Temperature, | 
deg. Fahr. 

Subtract f 

rom Ob3^( 
Gravity 

id Specific 

Creosote | 

Sdutien 

Coal Tar 

99 - 

0.0004 

0.0004 

0.0004 

98 

0.0008 

0.0008 i 

0.0007 

9Z_ 

0.0012 

0.0012 i 

O.OOII 

96 

0.0016 

0.0016 

0.0015 

95 

0.0020 

0.0020 

0.0018 

94_ 

0.0024 

0.0023 

0.0022 

93 

0.0028 

0.0027 

0.0026 

92 

0.0032 

0.0031 

0.0030 

91 

0.0036 

0.0035 

0.0033 

90- 

0.0040 

0.0039 

0.0037 

89_ 

0.0043 

0.0043 

0.0040 

88 

0.0047 

0.0047 

0.0044 

87_ 

0.0051 

0.0051 

0.0048 

86. 

0.0055 

0.0055 

0.0052 

85 

0.0(^9 

0.0058 

0.0055 

84- 

0.0063 

0.0062 

0.0059 

83- 

0.0067 

0.0066 

0.0063 

82- 

0.0071 

' 0.0070 

0.0066 

81- 

0.0075 

0.0074 

0.0070 i 

80- 

0.0079 

0.0078 

0.0074 1 

i 


ObsCTTcd 
Temperature, 
d^. Fahr. 

Subtract from Observi 
Gravity 

ed Specific 

Creosote 

Salatiofi 

Coatl Tv 

79 

0.0083 

o.oc^ 

0.0077 

78 

0.0{^7 

0.(X«6 

0.0(«I 

77- 

0.0091 

0.0090 

0.0(^ 

76 

0.0095 

0.0094 

o.om 

75.. 

0.0099 

0.0097 : 

0.0092 

74 

0.0103 

0.0101 

0.0096 

73 

0.6107 

0.0105 

0.0099 

72- 

o.oin 

0.0109 

0.0102 

71 

0.0115 

0.0II3 

0.0106 

70 

0.0118 

0.0117 

6.01(«> 

69 

0.0122 

0.0121 

0.0113 

68- 

0.0126 

; 0.0124 

0.0117 

67 

0.0130 

0.0128 

0.0120 

66 

0.0134 

0.0132 

0.0124 

65. 

0.0138 

0.0136 

0.0128 

64_ 

0.0142 

0.0140 

0.0132 

63__ 

0.0146 

0.0144 

0.0135 

m 

0.0150 

0.0148 

0.0139 

61 

0.0154 

0.0152 

0.0143 

60 

0.0158 

0.0155 

0i)I46 


Appendix B 

(2) SERVICE TEST RECORDS FOR TREATED TIES 


W. R. Goodwin, Chairman, Sub-Committee; Z. M. Briggs, C. S. Burt, E. A. Craft, C. W. 
Greene, L. B. Holt, R. S. Hubley, F. C. KreU, G. P. MacLaren, W. T. MacCart, 
T. H. Strate, J. H. Reeder. 

The table of tie renewals i>er mile maintained on various railroads has been revised 
to include renewals for 1931. 

In requesting this information we also asked the two following questions: 

1. Do you adze and bore your ties before treatment, and if so when did you 
begin? 

2. What is your standard length of cross-tie? 


The answers are shown in the table below: 


Adze and Bore 
Yes 

or No When 


Santa Fe 

Yes 

1912 

B&O 

No 


C&EI 

No 


CCC&StL ... 

Yes 

1925 

CRI&P 

Yes 

1913 

DL&W 

Yes 

1911 

GN ........ 

Yes 

1925 

IC 

Yes 

1924 

KCS 

Yes 

1926 

LV 

Yes 

1929 

Mich. Central 

Yes 



Length 


S' 

MKT 

8'6" 

Monon ..... 

S' 

NYC— East . 

S't" and s' 

« —West . 

S' 

NP 

8^6'' 

Penn 

S'6" 

Soo 

8' and 8'6" 

Sou. Pac. AtL 

8' 

UP 


CNJ ....... 

8'6^ 

Reading .... 
C&O 


Adze and Bore 


Yes 
or No 

When 

Length 

Yes 

1926 

S' 

No 


S' 

Yes 


S'6^ 

Yes 

1926 

S'6*^ 

Yes 

1911 

s'e'^ 

No 



Yes 

1925 

8' 

Yes 

1924 

8' 

Yes 

1928 

8' 

Yes 

1912 

8^6'' 

Yes 

1912 

8'6" 

Yes 

1925 

8'6^ 
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Reports are submitted covering special test tracks on the B.&O., C.B.&Q., C.R.I.&P., 
G.N., U.P. railways and the City of Minneapolis Filtration Plant Ry. 

CITY OF MINNEAPOLIS, MINNESOTA 
FILTIL\TION PLANT RAILWAY 

4200—6'" X 8"— 8' Red Oak Cross-Ties 
Treated September and October 1916 

Average absorption 10.08 Ib. per cu. ft. Creosote-Tar Mixture, 40 per cent M. of W. 
Crec^te, 20 per cent Coke Oven Tar, and 40 per cent Water Gas Tar 


Distillation to 170°C 

Analyses 
Treating Mixture 
40-20-40 

Actual Computed 

0.97o 

M. of W. 
Creosote 

Coke Oven 
Tar 

Water Gas 
Tar 

210°C 

2.5% 

2.2 

0.1 

0.5 

5.2 

235®C 

12.8 

12.1 

13.4 

5.7 

14.1 

315°C 

41.1 

41.5 

51.8 

19.1 

42.4 

3S5°C 

56.6 

57.8 

72.1 

29.0 

58.0 

Sp. Gr. @ 380°C 

1.111 

Sp. Gr. (d 60°F 

1.096 

1.207 

1.093 

Water 

Sp. Gr. 235°-315° 

1.8% 0.6% 
Fraction — 1.024 at 60°C/60°C. 

1.9% 

0.2% 


The City Engineer of Minneapolis, N. W. Elsberg, reports that none of these ties have 
been removed to date, i.e., 16 years’ service. 


GREAT NORTHERN RAILWAY 
Summary Statement — 1932 

Creosoted White Birch Test Ties Placed in Track Spring of 1908 


Number Number Estimated Average 

OrigU Number Removed Average Life of 

Division naUy Nowin From all Per Cent Expected Untreated 

Placed Service Causes Removed Birch 

Years Years 

Main Lines 
Ties 7^ X 7"~8' 


Mesabi 1410 821 589 41.8 26 5 

Willmar 586 434 152 26.0 29 5 

Dakota ... 2214 1261 953 43.0 26 5 

Minot 1391 568 823 58.8 23 5 

Butte 1070='' 621 449 42.0 26 5 

Total 6671* 3705 2966 44.5 25 5 

Branch Lines 
Ties 6"" X 7'"— S' 

Mesabi 1419 612 807 56.9 23 5 

(Princeton line) 

(Park Rapids 

Line) 1447 962 485 33.5 27 5 

T(^I 2866 1574 1292 45.1 25 5 

Grand Total .. 9537 5279 4258 44.6 25 5 


* Repeal 370 on accotmt of ties removed from Saco Siding with abandonment of tracks in 1916. 
Ti« were m exceli«mt condition when removed. 
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THE BALTIMORE & OHIO RAILROAD 

Report on Herring Run, Md. Specul Test Track 

1932 iNSPECnoN 

Kind of Wood— Red Oak 

Age of Test— Eighteen Years 


Treatment 


A versus 







Remolded 

Lije to 






to Date 

Dateoj 




Ties 

Tksm 


Per 

Ties in 

Sec. 

Tk 


Per Cti.Fi. Placed 

Test 

No. 

Cent 

Test 

.Vo. 

Numbers 

Process 

Note 

Note 







298 

289 

289 

100.0 

5.1 

1 

3-300 

Untreated 

0.35 lb. Zioc Chi 300 

161 

147 

91.3 

12.S 

2 

301-600 

Burnettizing 

0.63 Ib. “ “ ,...300 

211 

134 

63.5 

14.3 

3 

601-900 

a 

4.02 lb. Creosote ..... 300 

300 

ISO 

50.0 

15.6 

4 

901-1200 

Straight Cr. 

9.78 lb. “ 300 

300 

21 

7.0 

17.7 

5 

1201-1500 

U i( 

5.16 fi). W.G. Tar Cr. 150 

150 

81 

54.0 

16.0 

6 

1501-1650 

Straight W.G. 
Tar Creo. 

6.121b. W.G. Tar Cr. 150 

150 

69 

46.0 

16.2 

7 

1651-1800 

Straight W.G. 
Tar Creo. 

7.091b. W.G. Tar Cr. 150 

150 

108 

72.0 

14.6 

8 

1801-1950 

Straight W.G. 
Tar Creo. 

10.901b. W.G. Tar Cr. 150 

150 

86 

57.3 

15.6 

9 

1951-2100 

Straight W.G. 
Tar Creo. 

11.001b. W.G. Tar Cr. 212 

211 

149 

70.6 

14.3 

10 

0-212 Cull 

Straight W.G. 
Tar Creo. 

0.41 lb. Sodium 





11 

2101-2400 

Sodium 

Fluoride 300 

300 

262 

87.3 

14.4 



Fluoride 

0.63 lb. Zinc CM 300 

300 

277 

92J 

13.1 

12 

2401-2700 

Card 

0.76 H). Creosote 

0.69 lb. Zinc CM 300 

300 

186 

62.0 

15,2 

13 

2701-3000 

(2ard 

1.35 Ib. W.G. Tar Cr. 

0.37 lb. Creosote 

0.5 &. Zinc Cbl{^. ... 300 

28S 

244 

84.7 

13.0 

14 

3001-3300 

Card 

2.01b. Creosote 






Note.— The diff«ence between “Ties Placed” and “Tks in Test” due to eliminatif® from test of 
ties account of removals from derailments and installation of switches. 

—This group installed 9 months (.75 year) after other ties in this test. 


Traffic and Climate 

AnHualAveraie 


Traffic— Gross Tons (Thousands) 17,501 

Temperature— Mean January 35.0 

Fahrenheit— Mean July 77i 

Highest Annual 99 J 

Lowest Annual 8.3 

Rainfall— Inches 40.0 
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THE BALTIMORE & OHIO RAILROAD 

Report ox Wixdsor-Blaxchester, Ohio Speoax Test Track 
1932 Inspection 

Age of Tie Test — 22 Years 







Av. Life 

Remaining in Trk. 

Anticipated 

Treatment 


Ties 

Removed 

to Date 

Est. Add’l. 

Av. Total 

and 

Ties 

in 

to Date 

of Ties 

Ave. Life 

Life of all 

Kind of Wood 

Placed 

Test 

No. 

% 

in Test 

No. 

Years 

Ties in Test 


Note 

Note 







Untreated 

WTiite Oak 

Straight 

Creosoil 

.. 757 

757 

747 

98.7 

10.2 

10 

1.9 

10.3 

Red Oak 

.. 873 

820 

78 

9.5 

21.5 

742 

2.7 

23.3 

*Other Woods .. 
Card Process 

.. 252 

252 

121 

46.9 

18.0 

131 

4.4 

20.0 

Red Oak 

.. 1125 

1125 

486 

43.2 

19.3 

639 

2.6 

20.4 

*Otfaer Woods . . 
Timber 

Asphalt 

.. 1219 

1206 

740 

61.4 

18.2 

466 

2.3 

17.9 

Red Oak 

.. 984 

969 

962 

99-2 

10.7 

7 

2.3 

10.7 


Note.— The diSerence between “Ties Placed” and “Ties in Test” is due to elimina- 
tion from test of ties account of removals from derailments. 

* Other Woods — Beech, Hard Maple, Gum and Ehn. 


Traefic and Climate 

Traffic — Gross Tons (Thousands) 

Temperature — ^Mean January 

(Fahrenheit)— Mean July 

—Highest Annual 

— ^Lowest Annual 

Rainfall —Inches 


Annual Average 
5,148 
30.8 

74.5 
96.2 

—5.1 

40.6 


Conclusion. 

It is recommended that this report be accepted as information. 
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Chicago, Burlington & Quincy Railroad 



L , 



S 3 

Z A S 

T 


L L_ 

S S S 

f S S 

T 

Process Total 

Plac«i 

Total BeooTed 
to date 

f BesKjTed 
a/c decay 

^ renoTed 
other cautea 

Zst. Tr». ; Total 

At. Life ; Placed 

Total ItesoTOd 
to data 

i Tarred 
a/c decay 

i Bemared 
#+her c«ma« 

Sst.Irt. 
Ar. Lift 

Creoaote 25 

2 


0 

e4 

44 

THTTS OAI 7tlS 

IS 

3 

P0< 

40t 

a 

Cfid 

207 


38S 

5l4 

15 

152 

128 

2B(i 

564 

17 

iunatt 26 

26 


54^ 

394 

15 

IS 

15 

40^ 

604 

16.3 

TJatrttted 31 

81 


805 C 

i?4 

11 

44 

43 

foU 

19< 

14 

Straii^t Creosote 1S5 

51 


2i 

294 

27 

m OAI TIP 
120 

58 

iH 

374 

23 

Cart 77S 

490 


I7i 

*si 

a 

510 

455 

S2i 

58lt 

15 

Itomett 158 

135 


42i 

424 

17 

ns 

109 

4ii 

SH 

14 

entreated 129 

129 


9S^ 

*$- 

5.5 75 

75 

93^ 

7i 

5.5 

Stisirtit Creosate- 199 



3t 

234 

28 

PH OAI TIIS 
133 

34 

Ti 

1S4 

28 

ftirt ^ce«« 513 

275 


m 

40< 

22 

3 a 

220 

234 

464 

20 

Banett 23 

10 


ui 

304 

24 

44 

43 

xi 

664 

14 

ISktreated 81 

ao 


954 

*4 

13 

4S 

45 

9H 

24 

T 

St»l^t Creosote 60 

20 


94 

324 

25 

30 

24 

ni 

S3i 

15 

Cert 386 

337 


364 

494 

16 

253 

a8 

3T< 

494 

m 

■fcimett 50 

43 


42i 

544 

1* 

30 

30 

5T< 

434 

14 

Ifct rested 81 

91 


944 

64 

6 

45 

45 

9Si 

44 

6 

Stai^t Creosote 89 

53 


254 

354 

a 

ZDOOI TISS 

48 

a 

27i 

364 

20 

Card *23 

282 


28^ 

374 

20 

233 

150 

334 

324 

20 

ftsiaett 

73 


S4< 

334 

14 

43 

41 

TOi 

264 

14 

Cntrwtei 98 

98 


97i 

34 

4 

54 

54 

994 

24 

4 

Staijjit Creosote 75 

26 


194 

164 

26 

15 

2 

0 

134 

38 

cart 399 

226 


354 

224 

22 

la 

no 

62jt 

234 

15 

Bunutt 7S 

73 


694 

264 

14 

IS 

15 

aof 

204 

14.5 

Ootreatsd 81 

81 


9^ 

2i 

4 

50 

J50 

96K 

4f 

4 

Strel^t Creo. 106 

65 

75 


55< 

f IK 

a ICS 

a 


sH 

19 

Cart 813 

688 

19< 


664 

26 

494 

436 

305f 

684 

18 

Bsiaett 109 

91 

37^ 


474 

17 

ICS 

la 

30^ 

ss4 

U 

tfatrsetsd 98 

98 

96^ 


44 

5.5 

77 

77 

994 

14 


Strsi^t Creo. 99 

51 

19lf 


324 

23 

rerao s® TIB 
54 

-30 

204 

35< 

22 

Ceid ^35 

ai 

12< 


3S4 

23 

237 

73 

13< 


a 

Boraett 76 

73 

45^ 


514 

14 


41 

61< 

394 

24*1 

!S!t rented 88 

% 

98^ 


84 

4 

48 

48 

-96^1 

24 

4 


CHiCiaO, BOfiLBSTO i yUCT SJUDCiD 
TOTAL TIB, T^lOtJS OHDS, VAEIfCS ?E:CE»iS, PliCiB W 
XXPiBIUaiTAL IBA0E5 I 9 O 9 aad 1920 


SOBOkBr - 1931 


rr-jcesu 

Total 

Placed 

L 

I l.E 5 

. I A £ 

JL 

Totfl 
_ Placed 

L 

I F I 

S » I s 

J. 

Total 
reaered 
to date 

acet* 

decar 

4 

nfe other 

fcti- 

matod 

TMK 

ar.life 

Total 
ramorad 
to date 

4 

reaored 

aeet. 

decay 

4. 

a/c other 

ea«sa« 

Zati- 

mated 

yatrs 

ar.life 

Siraijeht Creosote 

2 A 6 

795 

12^ 

27 ^ 


1237 

600 

15^ 

n 

23 

(Srd 

JO^J 

715 » 



19.67 

5^1 

^116 



18.17 

Barnett 

m 

13 » 

^74 


Ig 

909 

80^ 



1^.33 

Ostreated 

20^5 

2039 



5.S 

1226 

122 ^ 

90 


5.S 

letal IremUd 

13^7 

7333 

254 


20 

7737 


20 

^T4 

1S.5 

Crsad Total* 

15912 

11372 

J54 


19 

8963 

7066 

Jl4 


18 


KffZ: «e here laehtdtd la ’thea« pereeaiaces ealp tbe ties placed in ebal «t term tbt ifioosaad tie lots 03 tike Tarioms UvisloM 
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Chicago, Burlington & Quincy Railroad 


Prow» 

SwtoSt 

i>iTi 
la net t 
retted 


otrifSit Creerate 
J«rt 

Bir^tt 

Iktieeted 


3tril#t Creaeqte 

Card 

Itraatt 

thtieated 


Creeeote 

Card 

lureett 

Oetreeted 



1 I y 

I S 1 

A S T 



L 

I JJ s s 

7 : s -r 


Total 

Placed 

ToUl BeawTcd 
to date 

^ Feoond 
a/c decar 

4 Bfloored 
Other CflCtoi 

tet.Tn. t 
iT.life : 

Total 

Placed 

Total HeaoTid 4 ^OTored 
To Date n/c dacar 

4 HeooTed 
Other caaaet 

S«t. Tn 
At. Lif. 

13 

15 

26< 

504 

ASH TUS 

17 15 

10 

204 

474 

20 

289 

214 

13^ 

614 

19 

103 

78 

19< 

574 

19 

IS 

12 

31< 

4*4 

19 

15 

13 

334 

634 

15 

TO 

70 

99?t 

14 

6.5 

46 

48 

1004 

0 

5.5 

321 

65 


is4 

SS2CH 

30 

153 

45 

s4 

224 

27 

807 

551 

37i 

444 

17.5 

418 

349 

384 

464 

17 

aa 

184 

404 

40< 

15 

105 

98 

504 

414 

15 

134 

134 

9Si 

24 

5 

74 

' 74 

934 

74 

5 

75 

34 

324 

134 

sncH 

24 

JSS. 

59 

24 

144 

274 

24.5 

715 

506 


414 

19 

360 

299 

324 

514 

17 

n 

73 

434 

524 

12.9 

30 

30 

474 

534 

15.4 

133 

139 

994 

l4 

4 

73 

78 

1004 

0 

4 

0 

0 

0 

0 

0 Cl 

0 

0 

0 


1S4 

161 

164 

824 

14 

69 

89 

94 

914 

10.2 

0 

199 

0 

1S7 

0 

2t4 

0 

724 

0 

13 

0 

90 

0 

ee 

0 

a4 

0 

784 

0 

13 


5 *^ 17 /. CrsMota 

SB 

27 

i4 

304 

COnONlOOD 7ns 

27 '45 14 

134 

Card 

296 

197 

22< 

45,4 

20 250 

1?3 

234 

Baraett 

0 

0 

0 

0 

0 0 

0 

0 

tSatreated 

56 

56 

954 

54 

3 30 

30 

1004 


2T 

18 

& 

J 


Stiat^it Creowte 

25 

5 

G 

204 

30 

CYPIi£53 T-iSS 
S 

20 

Card 

405 

282 

94 

Q .4 

19.5 

1 254 

198 

Baisett 

S 

15 

0 

604 

a 

30 

23 

Og^rwtfi 

135 

132 

.84 

204 

14 

90 

90 


45 jf 

24 ^ 

89 < 


2 ^ 

53j( 


20 

18 

14 


ttrclAt Cieoeote 208 

84 

154 

194 

a 120 

37 

84 

234 

a 

Said 

594 

339 

194 

384 

22 371 

228 

254 

374 

a 

Mrwtt 

284 

171 

??4 

444 

18 73 

63 

564 

344 

15 

OdtrMted 

113 

113 

914 

94 

5.5 78 

7B 

964 

*4 

5.5 




244 


EfidLOCK TISS 


234 



Straiijit Sreoaotc 

135 

91 

43 » 

20 9S 

78 

584 

18 

Card 

313 

513 

2^4 

5I4 

19 438 

433 

334 

524 

16 

Biirwtt 

125 

103 

^14 

42< 

17 87 

79 

334 

574 

15 

Ifatraated 

112 

11? 

1004 

0 

6 78 

78 

994 

14 

S 





104 

HlcaCMIT TBS 


75 

334 


Stralffjt Siwsots 

10 

2 

104 

30 IS 

6 

25 

Card 

185 

170 

30t 

524 

15 1C6 

93 

394 

504 

15.5 

B'inett 

9 

3 

r 

674 

20 15 

14 

474 

474 

14.5 

Untreated 

85 

65 

894 

114 

6 45 

45 

1004 

0 

$ 





34< 

POT TKS - LQBLOLLT SAP 




Strsisht CrBoaate 1*5 

51 

3< 

25 72 

49 

174 

5l4 

20 

Caid 

943 

303 

234 

4C< 

a 386 

310 

2*4 

574 

17.5 

Buiaett 

128 

128 

734 

254 

13 72 

72 

464 

544 

12,4 

Uatreated 

157 

157 

994 

14 

6 91 

91 

1004 

0 

6 





n4 

HiEDMAPLS TIK 




Straiiht Creosote 

82 

27 

224 

25 34 

19 

*74 

94 

22 

Card 

5S1 

335 

264 

334 

a.5 S72 

208 

3(^ 

464 

18.5 

Baiaett 

50 

39 

3S4 

424 

18 15 

15 

874 

134 

17.7 

^treated 

78 

78 

994 

1< 

5 45 

45 

1004 

0 

6 





354 

9DJT MAPLJ TUS 





Jtral^t Creosote 130 

93 

324 

20 S3 

29 

194 

a4 

24 


482 

331 

4i4 

374 

18 2S4 

182 

204 

494 

20 

lanett 

125 

124 

534 

334 

13 57 

55 

464 

a4 

14 

tfotraated 

32 

3? 

994 

14 

4 43 

43 

954 

54 

4 
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Sheet #2, 

Hock 


I s 

L A IT 


Special Bepor 
Oreosoted 

r’ojTTi 
Ties 'Tr 

es in 
owrv" 

Test 

PrOQB 

DlTiaiona 

Missouri 

Location 

2. Bee Koines, la. 

Kind 

of 

. Pine 

.ISSZL 

1910 

[To. O' 
In- 
sert- 
ed 
155 

C.S.Bal:. 

21y, la. 

n 

If 

108 


Vest Band, la. 

n 

n 

57 

Jleb.Colo. 

Fairbory, Hebr, 


If 

231 

•1 

Goodland, Kans, 

It 

IT 

727 

SftBBaa 

Tooeta. Kans, 


II 

256 


of Tlea 
[Heisain- 


L 1 S BS 

^all Inspection L931. 

&Q 1912 InclitaiTe) 

Per ATerage Estimat- 
Ceat Life '#d At. 

He- rrs.End Life Trs. 
lored 1951 * 


i Total - 

I miaou" fiakilwa, Ili. 
laatim. Altoona, la, 
Mlsaonri Princeton, Mo, 
C,B.]>a]c. Sl 7 , la, 

•• West Bend, la, 

Beb.Oolo. Pairbury, JJebr, 
" Goodland, Kana, 

Total - 


Pine 1910 1554 

H.Oak I9ll 1M5" 


Illinois Tiskilwa. Ill, 
Xiseodrl S,BeaeKoines,Ia, 
e.H.Bak, Clark8Tille,lao 
" West Bend, la, 

Seb.Colo, Fairbory, Hebr. 

■ Goodland, Kans, 

Kansas Topeka. Kans« 

Pine 

If 

n 

Tf 

If 

n 

1911 

If 

It 

n 

n 

If 

69 

56 

1013 

809 

1496 

1603 

146 

39 

890 

757 

1333 

1401 

106 

36 

30 

12 

6 

10 

12 

27 

18.2 

19.6 

19.5 

19.4 

19.6 

19.5 

23,2 H 

24.1 1 

28.1 

n 

28.1 

24.7 

Total - 

■ Pine 

mr 

sm' 

457{r" 

■ 

^1575 28.1 0 

laatizm, Altoona, la. 

Gma 

1911 

299 

267 

10 

19.5 

# 

Kiwaonri Princeton, Ko, 



707 

388 

43 

17.7 

22.2 

CABak. 21y, la. 

n 


344 

237 

31 

18.7 

24,1 

leb.Colo, Pairbxiry, Keb, 

n 

•* 

67 

19 

71 

16.5 

18.8 

fo^al -■ 

Gmo 

T3ir 

1417 

"§11 

35- 

TbTS 

23.2 

miaou Tiskilwa, 111. 

E.Oak 

1912 

194 

136 

29 

17,5 

23.1 

laacinn. Altoona, la. 

n 

If 

750 

659 

12 

17.4 

26.7 

Kiasoitri Princeton, Ko, 


If 

331 

169 

52 

14.8 

20.2 

" E.BeaKoines, la. 

w 

It 

5449 

4845 

11 

18.6 

27.1 

C.R.Bek. Ely. la. 

tr 


465 

416 

10 

18.6 


Heb.Colo, Goodland, Kans, 

nr 


83 

80 

4 

18.9 


St.lKCT Eldon, Ko, 

n 

n 

2416 

2192 

9 

18,4 



C,H,I>aA. Sly, la, 

* ClarfcaTille,la. 

" West Bend, la, 

a^b.Colo. Pairbury, !febr. 

* Goodland, Kans, 
X:an»a8 Topelca, Kans, 
Si-P.im. Dalbart , Tei, 

Total - 

llliaods TlaJcilwa, 111. 
KtMOnzrl £• Bea Molnaa,Ia, 
C*a,Baac. 3ELy, 


Pine 1912 345 

" " 1037 

« n 

" " 1370 

" " 536 

" 258 

"• " 255 

Pine 1912 4512 

Gua 1912 676 


I ^ Total t tl912 1 3161 I 2500 I 21 I 18,1 I 

I opeelal Ties Laid Oat of Face - Hew Line 

ImwoBrrr^ligle. la. Dale 1912 5578 M26 _3 18,9 

# - J»ti*ated arerase life based on Forest Prodnota Labozatozx eorre, 
^tisated arera^ life cannot be determined when renewals are 
less tlmai ten per cent. 
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UII05 PACinC STST^Ii-ORSOCr SHCST HIE EAILBOAD 
HA?i ITT - KEVERSE - IISPSCIilED OCTOBEH 20, 1951 


IWSIg 

Bate 

lucaher 

Unaber 

Ipjroi.Trs. 

Percent 


nation I 1 n d Treatment 

Pet in 

Put in 

Beaoved 

Ceuse Service 

In Track 

Condition 

A 

Savn Western 30^ Creoacte 

Tellow Pine 20$ Coal Tor, 10# 

12-23 

64 

- 

7-3/4 

100 

Sccellent 


Air Seesoned Bethell Process 







B 

Beta hodgepcle 80$ Creoeote 

Pine 20$ Cnal Tb 3 , 10# 

12-23 

170 

- 

7-3A 

100 

Excellent 


Air Seasoned Bethel! Process 







C 

Sawn Coact Tlr O.5# Zinc Chloride 
Air Seasoned !Birnatt Process 

12-23 

950 

- 

7-3/^ 

100 

Psir, Badly checked. 
Considerable plate 
cutting. 

B 

Sewn Lodgepole O.J# Zinc Chloride 
Pine Burnett process 

12-23 

626 

- 

7-3/4 

100 

pair. Checking and 


Air Seesooed 






plate catting. Worse 
than last year. 








23 burned on topiide, 

t 

Bero Idaho Bed O.5# Zinc Chloride 
Ttr & Ta®ara<± ftirnett Process 

12-23 

452 

- 

- 7-3/4 

100 

pair. Checking and 


Air Seasoned 






plate cutting pro- 
gressing, S Irons 


still falling oot. 


F S»»o lettera 0*5# Zinc Clilorlde 1-24 757 

Tellow Pin# Barnett Procwi 
Air Sessooed 


7*3 A 100 pair, CoBBiderable 

checking, progreesite 
rail cutting. 


S SwuLodgepolt pjtCreoecte 11-23 S25 

Plat Coal Tar 

Air Seaioced Piel Oil 

Bethell Pro- 

CMI 


100 Excellent. Slightly 
plate cut PS onteide ( 
mil on inside of 
curve 


E Seen Coait pir Creoaot# 12-23 766 

Air Seasoned ftjt Coal Tar 
Fuel Oil 

lOf Bethell Pro - 

C*fl 


100 Excellent, subtly 

plate cat on outside c 
rail on Inside of 
carve 


I Beta Idaho Sed 3^^ Creoeote I?-?} ^33 

Fir & Teaeradc M Coal Tar 
Air Seasoned Tael Oil 

lOf Bethell Pro- 
cess 


8 100 Excellent .Slightly 

plate cat on oatsida 
of rail on insida of 
curve. 


J 


X 


I 


Sam l^ite Tir 

& %HTiC« 

Air SeaacQied 

0.5# Zinc Chlor- 
ide 

Bomett Procees 

ia-23 

732 

40 Cheddng 
and 

Shatter 

8 

95 

Bad. Depreciating 
rapidly account ched 
ing and shatter. 

Saai festem 
leUot Piae 

Air Seaiooed 

y)$ Creoeote 

745E Coal lar 

Poel Oil 
m Bethell 
Procets 

13-23 

741 


8 

100 

Excellent. 1 broken 
account large knot. 

Sawn White 

Fir d Sproce 

Air SeesMned 

30$ Creoeote 

M Coel Tar 

6^ TBsl Oil 
Bethell Pro- 

la-23 

720 

■ ■ 

8 

100 

ihccellent 


ce#i 
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umoa PiClirlC SYSEEII • OEEOOiJ bilOST tllE BiTT.miTi 
liLLb iEJUSCE - OCK/ifcE £1, 1981. 


B&tlon Eiiai 

treatment 

Plate 
pat in 

3o» 

pat- in 

"^ao, 

hea. 

cause 

Ap.Yra. 

Serrloe 

^ In 
Irsek 

Condi tl an* 

1 

i^n »Eit# ilr 
it b'pruo* 

0.3; bine Chloride 
onrnett rrocess 

12-84 

2.197 

140 

l>eeajed 

7 

96 

Yer; hadJ^eoajinc 
very fast 

i. 

i,Bwn ..fe8t Loafit 
ilr-air Seasoned 

8 . Of Creosote 
hetnel Process 

8-84 

2,148 

- 

- 

7-i/4 

100 

bn ee Heat 

3 

baKja best Coast 
>lr.A.ir Seasoned 

O.Sf f.inc Cnloriae 
nurnett Process 

9-84 

b.blO 


- 

7-1/4 

• 100 

pm .oons id arable 
aecay m under side 

4 

Sawn -est coast 
ilr» 4 ir seasoned 

O.hr ^Ino shloride 
Ski- iuel Oil 
'iwo MoTeioent 

18-84 

2.171 

" 

" 

7 

100 

nxcelleat 

6 

Sam festern 

1 allow Pine, 
air Seasoned 

0.5p bine Chloride 
nurnett rrocess 

18-24 

2,186 

1 

nrokea 

7 

100 

Fair. Progress I t c 
checking 

& 

saim Western 
'iellow Plne- 
uir Seasoned 

O.&f f.inc Chloride 
3if Pnel Oil 

Iwo UoTement 

1-86 

2,142 

’ 

“ 

6-2/4 

lOO 

hxcelleot 

7 

cawn Idaho £ea 
fir .Air seasoned 

O.h# bloc Chloride 
f^nrnett rrocess 

7 & e 
1924 

3.160 

- 

- 

7-1/4 

100 

Jair.ProgresBiTe chedt- 
Ine and rail cattii% 

b 

sawn Idaho Led 
fir. air Seasoned 

O.&f Aloe uhloride 
i'nel Oil 

Two Uoreaent 

1-86 

3,809 

“ 

” 

7 

100 

&ood .slight cheekily 
Scete rail catling 

9 

hewn Lodgftpole 
rlne.Air seasoned 

0.&7 bine Chloride 
jsnrnett Process 

9-84 

2.638 

- 

" 

7-1/4 

100 

ProgreasiTS ohecklng 
and rail catting 

6 eea 7 starting 

10 

hewn hodgepole 
rine.air Seasoned 

0*5r bine chloride 
2rst Poel Oil 

Two koTement 

8-26 

2,297 

• 

" 

6-3/4 

100 

Ijcoellest 

11 

sawn Loi.gepole 
rine.Air Seasoned 

O.&t- bine chloride 
curnett rrocess 

l -*6 

5,172 


“ 

6-3/4 

100 

lair .Prog re sal we check- 
ing and rail calling 
aecay pro greeting 

lb 

Sawn thite ilT 
at Spruce, air 
seasoned 

0.5f Line Chloride 
Lit Fuel til 

Two Moveaeat 

18-84 

2.166 

• 

" 

7 

100 

ixcellent 

13 

aewn Idaho Bed 
f lx .air Seasoned 

O.bif bine Chloride 
Fuel Oil 

Two UoTomsnt 

12-24 

2.626 

• 

" 

7 

100 

Good .Slightly cbBckix^ 
and plaie cuitlag 

14 

hewn Idaho Bed 
ilr .air Seasoned 

0.5r bine chloilde 
nornett rrocess 

1-26 

2^662 

- 

■ 

6-2/4 

100 

Good .Slightly ehe^clng 
and raa odttii« 
i/eoay starting in 


sap «oo4 
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OTIOI ?ACIIIC STSSM - OfiBOCH SasK USX MIlEOiD 
0SCHJlBD-30IS»-iAlll LIU- IBFICIID OCSOEIH 20, 1931* 


satioQ Z i u d. 


Late 

touhar 

Soahar 


Approx.Irs, 

Percent 


Treat oaat 

Put in 

put iu 

Basorad 

Cause 

Serwice 

in Trade Cooditioa 

JL 

Sam Csast Tir 

kf Craoaota 

5-24 

7 S 0 

- 

- 

7-1/2 

100 

Zrcellect 


JLzr S«uoned 

4^ Jtiel Oil 

Leary Procaas 








« 

Sub Thit« fir 

5 . 6 # Craoaota 

5-24 

7«2 

- 

- 

7-1/2 

100 

Ijicellent. subtly 


Air S«a*<MMd 

SM Tual Oil 
Loaiy Procaia 







rail cut at Joints 

c 

S«m TMteru 

0 . 5 # Sine Ciilor- 

3-24 

3,069 

- 

- 

7-1/2 

100 

Good, PrograssiTC 


Tellow Pin* 

ida , 3 arsatt 







rail and plate cutting. 


Air S«a«cii*d 

procaac 







13 hrokea ia center; 1 
■broken under north nil. 
Cross drain. 

D 

Sam Ihit* Jir 

8 . 6 # Craoaota 

>24 

3,131 

• 

- 

7-1/2 

100 

fifcellent. 


A Spraca 

0.4# Idal Oil 







Slightly cut at Jdai* 


Air Seaaoaad 

Lowry Proeaaa 








S 

laws Itit* nr 

A 0 . 9 # 2iac Chlor- 

4-24 

2,915 

1 

Broksn 

7-1/2 

100 

Pair 


Spraca 

ide, Bumatt 







Considerahle dieddsg 


Air Sfttsoued 

Procaea 







and rail cutting. 

f 

Sobb Idaho lad 

3# Craoaota 

4-24 

3,081 

- 

- 

7-1/2 

100 

Stcellent 


?ir 

Jut Seesooai 

Lowry Proceae 








s 

Saas Lodgapola 

8 # Creoaote 

5-24 

776 

- 

- 

7-1/2 

100 

XxcelleBt 


Piaa 

Air Saaaoaad 

Lowry Procaas 








E 

San feat era 

8 # Cre<»ote 

5-24 

2,579 



7-1/2 

100 

Excellent 


lelloa Pina 

L 0 W 17 Procaas 







Less plate cutting 


Axr Seaaoaad 







than any other hleck 

I 

Saaa Coact Tlr 

8 # Creosote 

5-24 

3,078 



7-1/2 

100 

Sseclleat. 


Air SacBO&ad 

Lowrw Pror« 8 S 

5-24 






42 ties east eud dawgad 
V dragging brake riggtaj 

J 

Bran Lodgapola 
Piae 

Sf Craoaota 

Lowry Procaas 

2,555 

• 

- 

7-1/2 

100 

Excellent 


Air SaasCBiad 









Z 

Haas lodg^ola 
Pina 

0«5# Zinc Chlor- 
ide, Bumatt 

5-24 

2,374 

- 

- 

7-1/2 

100 

PregreasiTe checking 


Air Saaaoaad 

Proceai 







and plate cutting. 

Bot in sapwood to the 










extent of l-l/ 2 » deep. 

L 

Scan Lodgapola 
Pina 

Air Saaaoaad 

0.401# Zinc Chlor- 
ide , Burnett 
Proceae 

6 -^ 

767 

1 

Brokaa 

Center 

Bound 

7-1/2 

100 

Pair, ProgresaiTe 
chejiing, Eotton m 









^erside to the ex- 
tent of ?», 


M 

Sam Idalw Bad 
Tlr 

0 . 5 # Ziac 
(Siloridc 

6-24 

3,145 

10 

Brchen 

Center 

Bound 

7-1/2 

.959 

Pair. Prpgressite 


Air Saaamad 

Burnett Process 






chedcin/T and plate 
cutting. 

I 

Sam C aat Tir 
Air Sessooed 

0.418# Zinc 
CUoriia 

6-24 

3,037 

1 

Brcdcea 

7-1/2 

100 

Bad, ProgressiTe plate 


Burnrtt Pr»c«*« cutting. Badly 

checked. 


OSIOt PACmC STST2M - 0BB30H SSOET LIO BULBOiD 
BHTEICH to SBDSKM - Kill Lira - ISSPXCTE) OCTOBEE 21, I 93 I. 


Beiig- 

naticax I i u 4 

TroLtaent 

Date 
Put In 

former 
Put in 

Pemher 

Bemored 

Approx.Yrs, Percent 
Cause Serrlco in Trade 

Coodltioo 

1 Bern Lodgepole Pine 

Air Saaaoued 

0.4# Zinc 

Chloride 

Barnett Process- 

1-27 

7® 

- 

g 

1 

Good 

Some diadl^E 
and plate 
cutting 

2 Bern L£>dg®P®l» 

Pine 

Air 

0 , 5 # Zinc 
Chloride 

6 ao.Se«soag 
7 . 909 # Pb* 1 Oil 


799 


4-3/4 ICO 

iZxcellent 
Sli^t plate 
'cutting at 
Joints 
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Appendix C 

(3) PILING USED FOR MARINE CONSTRUCTION 

W. G. Atwood, Chairman, Sub- Committee; G. B. Campbell, C. C. Cook, H. R. Condon, 

L, H. Harper, G. R. Hopkins, H. E, Horrocks, W. H. Kirkbride, A. J. Loom, G. C. 

Stephenson, C. M. Taylor. 

The Committee submits herewith its report on the present coiKiition of tl^; long 
time test pieces in its charge, together with such other pertinent information as has been 
brought to its attention. The report is submitted for informatmn. 

Tropical Timber 

Angelique (Dicorynia paraensis, Benth). The only remaining ttst piece is at 
Panama which reports: 

Balboa, C, Z. Submerged September 13, 1923. There is much marine growth on 
the surfaces and some destruction due to Limnoria but not much. The woixi boring 
pholads, Martesia and Xylophaga are in the timber confined close to the surfaces. 
Teredo are not very abund^t and are all small and confined close to the surface. 
Otherwise the timber appears very sound. 

Manbarzlae (Lecytkis oUaria, L). 

Florida East Coast Ry., Key West, Fk. Submerged August 5, 1923. Through a 
misunderstanding this test was abandoned after the report of last year. 

Panama Canal, Balboa, C. Z. Submerged September 13, 1923. The surfaces are 
quite clean of marine growth and very little Limnoria attack. The end has more marii^ 
growth. The inside appears to be very sound. Teredoes are confined cksc to the sur- 
faces and are small Marteaa and Xylophaga are present Init apparently very 
abundant. 

GREEisrHEAET (Nectunda rodkoij Schomb). 

Panama Canal, Balboa, C. Z. Submerged September 13, 1923. The surfaces and 
ends were covered with oysters and marine growth. When ta|^)ed with a hamn^ the 
wood did not a{^>^ to be badly riddled. A section 2 in. tlik± was cut from the end 
and revealed ptoty of Teredoes, all small close to tl^ surfaces ami end, and m a<Mitkiin 
about 20 burrows in or near t^ center. These were ^ to ^ mch^ in diameter. A 
few burrowing rlams (pholads), Martesk and Xylophaga were present, confined to 
surfaces, Limnoria work was slight. For the time this qpeciincn has bera in te^, alnm^ 
9 years, it is not severely riddled. 

BaJboa, C. Z. New specimen, light brown heart, ^hmerged July 18, 1932. No 
imrine growth and no Teredo or piolads. 

Bafioa, C. Z. New ^)edmen, dari: brown heart, same as above. 

Balbm, C. Z, New specimen, yellow heart, same as above. 

Ibe reason for testing the thi^ ^jecimens above i^ed is set forth in a letter from 
H. A. White, Director, Britfeh Gukna Ccnp. Ltd. as foBbws: 

“The samples were cut from three separate and wax si^ecfced for thdr rsLik>m 
degrees of heart coloration, i.e. oi^ is the yellow heart varkty, anoti^ the ^it brown 
heart variety and the third is the dark brown heart variety. There is stiH a fourth 
variety whose heart is almost black, hut this is not at aB cmnnion. AcxurcKi^ to bcal 
tradition, tfc^ dark^ tl^ h«art the more durable the gietarteart is”. 

Greenheart from stodk. Submerged Sef^ember 2fi, 1931. This had much marine 
growth on it but was only sl^tly attacked by Teredo. A few holes were se^ that are 
unmistakably those of Teredo. 

Turpentene Wood (Syncmpia lamifcdia). 

U. S. District CharlestoB, S. C. 

Two specimei^ submer^d at Castle Pim:kney, Ju^ 24, 1925 one in 1929. 
Ibe remaining one has been attacked on the smistot and ends and is ah€«^ 30% damagf^ 

U. S. Naval Air Station, Pensac<^, Fla. 

^)eciineQ lost in hurricaBe of Augi^ 31, 1932. 

Panama Bafi>oa, C. Z. Two ^)eemieiis aihinerged April 19, 1929. Co®- 

sidemble growth on surfaces. Teredo are few in number and confined dbse to 

surfaces. There appear to be quite a number of f^olads. Wood in ^)od condition 
otherwise. (Fig. 1). 
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PANAMA CANAL 

Through the courtesy of Brig. Gen. Harry Burgess, Governor of the Panama Canal 
Zone, we are able to present the following report on the tests being carried on at Balboa: 

“The annual inspection of timbers being tested for resistance against marine borers 
was completed by Mr. James Zetek, August 9, 1932, and he has furnished the following 
report: 

As reported last year, practically all timbers were covered with marine growth, in 
some cases this growth was very dense. 

The only tests that were ‘dosed’ at this time w^ere 1631-31, 1632-32, 1633-33, 1634-34 
and 1635-35, untreated fir, yellow pine, w’hite pine, California redwood and oak, which 
were installed September 26, 1931 with the end in view of learning how fast the teredo 
and the pholads infest untreated timbers of this sort. 

Ahotjra (1609-2), (Conepia sp.) from Dutch Guiana; 8" x 8" x 24", submerged 
September 13, 1923. There is much marine growth on the surfaces, and much surface 
destruction due to gribble. A section 3" thick was cut off of the end. The cut face 
was sound, no teredo nor pholads at this level. At the extreme end, however, there were 
6 Martesia and 1 Xylophaga and quite a number of small teredoes, but these were all 
confined dose to the surfaces. Except for a layer not over 1" thick, the timber is very 
sound. 

Foengo (1608-4), (Parimrium campestre Aubl), from Dutch Guiana, 8"x8"x24", 
submerged September 13, 1923. There is much marine growth on the surfaces and con- 
siderable destruction due to gribble. A section 4" thick was cut from the end. The cut 
face is sound, no teredo nor pholads showing. Teredos were all small and confined very 
dose to the surfaces or end. A few Martesia and Xylophaga were found dose to the 
extreme end. Otherwise very sound. 



Fig. 1.— Turpentine Wood, 1621-27, 8"x8"x33" long. All heartwood. A— condi- 
tion of wood 6" from end. Note almost 'total absence of burrows or cavities. A few 
teredos can be seen in upper right hand corner. B— condition of the end. Note abund- 
ance of oysters aiKl large number of pholad openings. Careful examination will show 
numerous teredo holes. 

Sponse Hoedoe (1610-5), (Ucania macrophylla Benthatn)^ from Dutch Guiana; 
8 xS"x24 , submerg^ September 13, 1923. The surfaces are dean, almost no marine 
growth, and what !^tle there is was a ^>onge. Some oysters are attached to the end. 
Gribble work negligible. Teredos not plentiful, small in size, confined dose to the surfaces 
and end, A section 3^^ thick was cut off of end. The cut face diowed no teredo, but 
had ^veml krge cavities of Martesia. The wood is hard, does not spHt easily and has 
a twined gt a i n in i^aces. As a resuh of this twisted graiin, some of the Martesia shells 
^ deformed. In tim anaH section were recovered 34 Martesia and 8 Xylophaga, aU 
ful grown, and large numbers of young. The largest Martesia measured 44" diameter x 
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Ingiebarki (1611-6), (Licania heteromorpha Bentham), from Dntch Guiana; 

submerged September 13, 1923. The sides and ends are badly riddled, 
much of this due to grifable. When hit with a hammer it appeared to be sound within. 
Surfaces had some marine growth, including sponges. Teredos present, but confined close 
to the surfaces and all were small. Martesia and Xylophaga present but not nearly as 
many as in Sponse Hoedoe. 

Aiazano (1627-8), (Calycophyllum candidissimum Vakl., DC.), from Panama; 
heartwood; 6"x6"x30", submerged October 17, 1929. Almost no marine growth on si^s 
and end, general appearance clean. A section 3" thick was cut from the end. The cut 
surface shows numerous teredo burrows and ca\tties occupied by pholads, the teredos 
even thru the center of the timber. In this section were 34 Martesia and 12 Xylophaga. 
The area close to the surfaces had large number of very young pholads. This wood is 
reputed to be teredo-resistant, but it is far from it if the present sample is a fair one. It 
does not seem to favor marine growth, which is a factor worth consideri^. 

Malabayabas (1606-9), (Tristania decorticata Men.), from the Philippine Islands, 
12"xl2"xl3", submerged September 13, 1923. There is much marine growth on surfaces 
and ends. Plenty of oysters and sponges. Teredos appear to be few, amall in rize and 
dose to the surfaces. Many opening of Martesia and Xylophaga seen. No section was 
cut at this time. 

Kajol Lara (1615-11), (Metrosideros sp.), from the Cekbes; 654''x6^''x30'', sub- 
merged October 26, 1925. Very little marine grow^th and practically no gribble damage. 
Teredos appear to be few, very small, and confined close to the surfaces. A few pbolad 
openings present. No section was cut at this time. On tapping wood sounds good. 

Kajol Maxas (1616-12), (Parastemon urophyllus), from Sumatra; sub- 

merged October 26, 1925. There is considerable marine growth on surfaces and ends, 
plenty of oysters, and some destruction due to gribble, but not severe. Teredos appear 
to be few and small, confined dose to surfaces. A section 3" thick was cut from the 
end. The cut surface was dean and sound, no burrows or pholad cavities. In this 
section were found 2 Xylophaga and 1 Martesia. 

Kolaka (1637-13) from the Celebes; 6''x6"x60", submerged April 15, 1932. This 
is a new sample. There is considerable marine growth on surface and emis, including 
oysters. Wood is sound, showing no indications as yet of teredo or pholad. 

Alcornoque (1617-14), ( Dimorphandra mora B, & H.), heartwood, from Panama: 
6"x6"xS3", submerged November 22, 1927. Considerable marine growth on surfaces and 
ends, including oysters. A section 5" thick was cut oS of end and was a surprise to me. 
The cut face was clean and sound, no burrows or cavities. When ^lit up, teredos were 
found only in a narrow belt to from surfaces, mostly in the end part, none 
penetrating inward beyond this narrow area. Only one small Xylophaga was found. 
Exceptionally good condition. 

Red Satinway (1624-21) from New South Wales; 6"'x6'^x24'*^, submerged April 19, 
1929. Considerable marine growth on surfaces, A section 5" thick was cut from end. 
The cut surfaces ^owed numerous cavities of Martel. Upon splitting this block, 58 
specimens of Martesia were recovered. Some were very large, forming caviti^ diam. 
(large end)' and 1J4" long, with the exit hole on outer surface of the timber to 
diameter. The wood is very hard, with twfeted grain, and as a result some of the 
pholads are abnormal in shape. Teredo was present but alwa 3 rs near the surfaces, never 
going in more than Ys” or so, all small specimens. The real (kmage is caused by 
pholads. 

Brush Box (1625-22) from New South Wales; 6''x6''x24'', submerged April 19, 
1929. Considerable marine growth on surfaces and ends. Not mmh gribble damage. 
There are some opening of pholads and the teredo picture af^)ears to be much as last 
year. 

Axiarillo (Chlorophora tmetorea) treated with Ail.EA. No. 1 Cret^te (1630-30); 
95^"xl254"'x9 feet, one end scarfed. Submerged September 20, 19^. Some marine 
growth, esF>ecially oysters. Timber is in good condition and the only indication I^found 
of Teredo was on the cut end of the scarfed portion where I found several holes S" deep 
which may be due to teredo, but they were not occupied. (>uite a few tiny holes were 
seen which are suggestive of shot hole borers, present before the timber was treated. 

Fir, Untreated (1631-31) from P.C. stock. 4^x8''x24'', submerged September 26, 
1931. This test and the four that follow, were made to learn how fast teredos and 
pholads invade timbers, but unfortunately 11 months is too much time. In the fir sample, 
it was completely riddled, shot to pieces by teredo, hardly room for another animal, 
completely honeycombed, and the teredos all dead. Much alt present in the wood. 
No pholads. Closed. 
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Yellow Pine, untreated (1632-32) from P.C. stock, 4"x8"x24", submerged Septem- 
ber 26, 1931. This sample was almost like the preceding one (1631-31). Closed. 

White Pine, imtreated (1633-33) from P.C. stock, 4"x8"x24", subme^d Septem- 
ber 26, 1931. Not quite as bad as the fir or yellow pine, but thoroughly infested with 
teredo, many of these still alive, some quite large. No pholads. Closed. 

Redwood, California (1634-34) from P.C. stock, 4"x8"x24", submerged September 
26, 1931. There were fewer teredos present, but they were much larger, alive and were 
all thru the wood. Two species were found, one of them probably undescribed. The 
other is the common Neobankia zeteki Bartsdi. One Xylophaga found. Closed. 

Oak (1635-35) from P.C. stock, 4"xS"x24", submerged September 26, 1931. This 
was the worst one of the lot, thoroughly honeycombed, with all teredos dead and much 
mud and silt in the burrows. No pholads. Closed. 

The two pholads, Martesia and Xylophaga, are a serious problem. The Martesia 
e^>ecially makes large cavities, the largest noted being %^xl54". These clams go even 
into the hardest woods, and it is almost unbelievable the number that are found in such 
woods. They enter when very tiny, and once in the timber they remain there and are 
not able to get out. The opening to the outside, of a mature Martesia, is ^ to inches. 
Very often only a thin section of wood separates individuals. In a well infested timber, 
these pholads are able to virtually destroy w^ood to a depth of 1^ inches at least, and 
when any of these clams die, others can enter the old cavity and start working further 
inward. It is only a question of time when the cross-section of such timbers is greatly 
dimini^ed. 

In the above report the identifying numbers of the si>ecimens consist of two parts, 
iKimely, that before the dash indicating the Panama Canal test number, and that after 
tl:® da^ indicating the rack in w^hich installed. 

Since our last report a specimen of Kolaka from Celebes has been added to replace 
a specimen which was lost. This was an unfortunate occurrence as it delays the con- 
clusion of a test of a ^>edes of wood which appears to be highly resistant to teredo 
attack.” 


CHEMICAL WARFARE SERVICE SPECIMENS 
Series No. 1 

These test pieces were treated by the Chemical Warfare Service in their experi- 
mental cylinder at the Edgwood Arsenal in 1924 and 1925 with the following compounds: 
No. 1. 1 per cent solution of ammoniacal copper carbonate. 

No. 2. 1 per cent d37phenalamine chlorarsene in creosote. 

No. 3. 0.75 per cent dyphenalamine chlorarsene and 0.5 per cent phenyldichlorarsene 
in fuel oil. 

Reports of iii^)ections in early autumn of 1932 follow: 

New York, New Haven & Hartford RR. 

Warren, R. I. Submerged May, 1925. No attack. 

U. S. Di^rkt Engineer, Charleston, S. C. 

Two sets of specimens submerged at Castle Pinckney, June 1925. 

No. 1. Treatment. One specimen practically destroyed, the other heavily attacked 
on the surface and ends and is considered to be about 20% destroyed. 

No. 2. Treatment. One specimen destroyed by Teredo and the other aside from a 
heavy coating of barnacles and hydroids is in good condition. 

No. 3. Treatment. One specimen destroyed and the other about 40% destroyed. 

U. S. Naval Air Station, Pensacola, Fla. 

Two sets of specimens submerged June 25, 1925. 

No. 1. Treatment. One piece lost and the other practically destroyed by limnoria 
aiKi teredo. 

No. 2. Treatment. Both pieces sound. 

No. 3. Treatment. Both pieces practically destroyed by limnoria and teredo. 

Bureau of li^thotBes, San Juan, P. R. 

Two sets of ^)ednieiis S5dbma:ged July 1, 1925. 

No. 1. Treatment. Both pfeces t^vHy attacked but apparently not much worse 
fclai TO In 1931. 
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No. 2. Treatment. Both pieces sound. 

No. 3. Treatment. Both pieces destroyed and previously so reported. 

U. S. Navy-Fleet Air Base, Coco Solo, C. Z. 

No. 1. Treatment. 25% to 30% destroyed by teredo and limnoria principally lim- 
noria. 

No. 2. Treatment. Very light attack by teredo and limnoria. 

No. 3. Treatment, Most heavily attacked of any of the three specimens. 

Southern Pacific Co., Oakland Pier. 

No. 1. Treatment. Light general limnoria attack, one small teredo found. 

No. 2. Treatment. No attack. 

No. 3. Treatment. No attack. 

Control piece heavily attacked by limnoria and less heavily by teredo and Bankia. 
Peralta St. Slip, Oakland. 

No. 1. Treatment. Light limnoria attack, none this year. 

No. 2, Treatment. A few limnoria around one spot. 

No. 3. Treatment. Light limnoria attack on ends and localized attack on sid^. 
Puget Sound Navy Yard. 

No. 1. Treatment. On pier 4, submerged October 1925 — piece sound. On pier 8, 
submerged November 1925 — ^H^t limnoria attack on ends. 

No. 2. Treatment, On pier 4, submerged October 1925 and pier 8, subn^rged 
November 1925 — no sign of attack. 

No. 3. Treatment. Pier 4 specimen attacked by both limnoria and Bankia. Test 
closed. Pier 8 specimen is slightly attacked by limnoria but there was no indication of 
Bankia attack found. 

Pearl Harbor Navy Yard. 

Test specimens lost. 


CHEMICAL WARFARE SERVICE 
Series No. 2 

These specimens were treated at the Edgewood Arsenal in 1931 with the folowing 
materials: 

A No. 1 Creosote. 

B A.RJi.A. No. 1 Creosote with 0.71 per cent methylarsenious oxkk. 

C AJRJE.A. No. 1 Creosote with 0.77 per cast dip^ienylamme chiorarsene. 

D A.RJE.A. No. 1 Creosote with 2.5 per cent dinhxophenoL 
E Petroleum readium with 2.5 per cent dinitrophenol. 

F Petroleum residium with 0.84 per cent methylarsenkms oxi^. 

G Petroleum residium with 0.87 per cent diphenykmkffi chlorarsei^. 

Inflection reports follow: 

^*A^ TrEAXM!E2TTS * 

Fort TUden, N. Y. Submerged September 29, 1931. No attack. 

Castle P&ickney, S. C. Submerged September 19, 1931. No attack. 

Naval Air Sta., Pensacola, Fla. Submerged Ai^ik 19^ 1931. One spedmen intact 
and one slightly attacked by limnoria. 

Balboa, C. Z. Submerged August 25, 1931. No attack. 

Bureau of Lighthouses, San Juan, P. R. Submerged Ai^^mst 27, 1931. No attack. 
Southern Pacific Co., Oakland Pier. Submerged Fdiruary 24, 1932. No attack. 
Peralta St. Slip, Oakland. Submerged Fd>ruary 24, 1932. A few limnoria around 

Puget Sound Navy Yard. Submerged November 1931. No attack. 

Pearl Harbor Navy Yard. Submerged January 28, 1932. No attack on one jnece, 
very slight limnoria attack on the other. 

Cavite Naval Station. Submerged January 7, 1932. No attadc. 
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Treatments: 

Fort Tilden, N. Y. No attack. 

Castle Pinckney, S. C. No attack. 

Pensacola, Fla. Slight limnoria attack on ends. 

Balboa, C. Z. No attack. 

San Juan, P. R. No attack. 

Oakland Pier. No attack. 

Peralta St. Slip, Oakland. Light scattered limnoria attack on sides and ends. 

Puget Sound Navy Yard. No attack. 

Pearl Harbor, H. I. One piece sound, one slightly attack by crustaceans. 

Cavite, P. I. No attack. 

“C” Treatments: 

Fort Tilden, N. Y. No attack. 

Castle Pinckney, S. C. No attack. 

Pensacola, Fla. Slight limnoria attack on ends. 

Balboa, C. Z. No attack. 

San Juan, P. R. No attack. 

Oakland Pier. No attack. 

Peralta St. Slip, Oakland. No attack. 

Puget Sound Navy Yard. One specimen sound, the other with very slight limnoria 
erosion on end. 

Pearl Harbor, H. I. One piece sound, the other has slight crustacean attack on one 

side. 

Cavite, P. I. No attack. 

“D” Treatments: 

Fort Tilden, N. Y. One specimen not attacked, the other shows slight limnoria 
attack on one end. 

Castle Pinckney, S. C. No attack. 

Pensacola, Fla. No attack. 

Balboa, C. Z. No attack. 

San Juan, P. R. No attack. 

Oakland Pier. No attack, 

Peralta St. Slip, Oakland. No attack. 

Puget Sound Navy Yard. No attack. 

Pearl Harbor, H. I, No attack. 

Cavite, P. I. No attack. 

“E” Treatments: 

Fort Tilden, N. Y. Unusually heavy barnacle deposit. No attack. 

Castle Pinckney, S. C. Slight limnoria attack. 

PeiBacola, Fla. One piece shows heavy attack by limnoria and some teredo and 
Martel, about as heavily attacked as untreated control. Attack on the other specimen 
not quite so heavy. 

Balboa, C. Z. Some attack by Martesia, no definite signs of teredo. 

San Juan, P. R. One piece sound, the other lightly attacked by limnoria. 

Oakland Pier. No attack. 

Peralta St. Slip, Oakland. Very light scattered linmoria attack. 

Puget Sound Navy Yard, One piece fairly heavily attacked by Bankia, the other 
riddled. (Fig. 2). 

Pearl Harbor, H. I. One piece intact, the other has 8 holes in it, probably Martesia. 
Cavite, P. I. No attack reported. 

“F” Treatments: 

Fort Tilden, N. Y. One piece with light limnoria attack on end, the other sound. 
Castle Pinckney, S. C. Both pieces slightly attack by limnoria. 

Pensacola, Fla. Heavy limnoria attack with a few teredo. Condition about the 
same as untreated control. 

Balboa, C. Z, No attack. 

San Jum, P. R. No attack. 

Oaktod Pier. Very %ht limnoria attack. 

PeraMa Sli>. Very l^t scattered Ihrmoria attack. 
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Puget Sound Navj* Yard. Both pieces heavily attacked by limnoria and Bankia. 
Test closed. 

Pearl Harbor, H. I. One piece sound, the other ver>^ lightly attacked by limnoria. 
Cavite, P. I. The sp>ecimens not submerged until short time before inspection. 

‘‘G” Treatments: 

Fort Tilden, N. Y. One piece slightly attacked by limnork, the other not attacked. 
Castle Pinckney, S. C. No attack. 

Pensacola, Fla. Very heavy limnoria attack with some teredo and Martesia. 

Balboa, C. Z. No attack. 

San Juan, P. R. Heavy attack by limnoria. 

Oakland Pier. Very light limnoria attack. 

Peralta St. Slip, Oakland. Very light scattered limnoria attack. 

Puget Sound Navy Yard. One piece shows light limnoria attack and the other no 
attack. 

Pearl Harbor, H. I. No attack. 

Cavite, P. I. Time of submersion too short. 


Fig. 2. — ^“504-32” Puget Sound Navy Yard, Bremerton, Washington, Sept. 19, 1932 
Marine Piling Investigation — Pier 4 test pieces. No. A5, B5, C5 and D5 attached to ring. 
E5 split and at extreme left; FS split and in left center; control piece split and at right. 


Copeer Resinate Tests 

These specimens were treated and distributed by the patentee of the process which 
is a double impregnation one, and one which was reported to have given good results at 
Brunswick, Ga. Inspection reports follow: 

Castle Pinckney, S. C, Submerged July, 1930. Both specimens attacked, one is 
considered to be 25 per cent and the other 20 per cent de^royed. 

Pensacola, Fla. Submerged July 20, 1930. One pfece k^, the other very heavily 
attacked by limnoria and teredo. Test dosed. 

Air Station, Coco Solo, C, Z. No report. 

Oakland, Calif. Heavy attack by limnoria, teredo and Bankia. 

Puget Sound Navy Yard. Submerged Se^ember 1930. Ends heavily attacked by 
limnoria and teredo. 

Pearl Harbor, H. I. Both test pieces show heavy limnoria and teredo attack. 
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CREOSOTE TESTS 

Report on the inspection of the test pieces treated with various creosotes follows: 

Report of Inspection September 30 to October 8 , 1932 of Specimens Furnished 
Through Dr. Hermann \on Schrenk and Col. Wm. G. Atwood and 
Installed in San Francisco Bay Area 

(P z= Pine F = Fir) 

Barrett Manufacturing Company Material 

Placed Station B, Pier 7, San Francisco, Januar>’ 1923. Moved to Biological Station, 
Oakland Pier, % S.P. Co., December 1925. These specimens still show no attack except 
lightly limnoria. 


Gate 

No. 

Specimen 

No. 

T reaiment 

Condition September 30, 1932’ 

B-4 

P-1 

Coke Oven Original Oil 

P-1 No attack. 


2 

ditto Solids Removed 

P-2-3 Slightly eroded by Lim- 


3 

ditto Acids Removed 

noria on ends; sides slightly 


4 

ditto Bases Removed 

attacked near ends. No sign 
of fresh attack during year. 
P—4 Early attacks same as 

B-S 

P-S 

Coke, Minus Residue 360 deg. C. 

P-2-3. Very light Limnoria 
attack since last year. 

P-5-6-7 Slightly eroded by 


6 

Coke, M.nus Fraction 230-270 

Limnoria on ends; P-S also 


7 

S 

deg. C. 

Coke, Minus Fraction up to 230 
deg. C, 

Coke, Minus Fraction 270-360 

on sides next to ends. 

P-8 Attack previous years some- 

B-6 

P-9 

deg. C. 

Vertical Retort Grig. Oil 

what greater; light attack 
sides and ends. P-5-6-7-8 
No attack during past year. 
P-9-10-1 1-12 Light general 


10 

ditto Minus Solids 

Limnoria attack on ends and 


11 

ditto Minus Acids 

sides. Little change during 


12 

ditto Minus Bases 

two previous years. Very 


light general Limnoria attack 
during last year. 


B-7 

P-13 

ditto Minus Residue Above 360 
deg. C. 

P-13 A few light Linmoria 
burrows on ends during 1931. 
Some slight additional attack 
this year. 


14 

ditto Minus Fraction 230-270 
deg. C. 

P-14 Light attack in 1930, not 
now traceable; shows no at- 
tack. 


IS 

ditto Minus Fraction up to 230 
deg. C. 

P-15 No attack. 


16 

ditto Minus Fraction 270-360 
deg. C. 

P-16 Previously had light Lim- 
noria attack on ends and 
shows light Limnoria attack 
this year. 

B-8 

F-1 

Coke Oven Ordinal Oil 

F-1-2-^3-4 An previously slightly 


2 

ditto Solids Removed 

eroded on ends. On sides pre- 


3 

ditto Acids Removed 

vious attack was confined to 


4 

ditto Bases Removed 

line across specimens where 


gate had rubbed against a 
^bmerged brace. 

F-1^2 No fresh attack. F-3-4 
very li^t attack, during year. 
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Gate 

Specimen 



No. 

No. 

Treatment 

Condition September 30, 1932 

B-9 

F-S 

Coke, Minus Residue 360 deg. C. 

All were slightly eroded on aids 


6 

Coke, M nus Fract-on 230-270 

with only a trace on sides in 



deg. C. 

previous years. F-5-8 show 


7 

Coke, Minus Fraction up to 230 

a very light attack this year- 



deg. C. 

F-6-7 show no fresh attack. 


8 

Coke, Minus Fraction 270-360 




deg. C. 


B-10 

F-9 

Vertical Retort Original Oil 

F-9-10-11-12 show light attack 


10 

ditto Minus Solids 

on ends and skks near ends 


11 

ditto Minus Acids 

from previous years. All 


12 

ditto Minus Bases 

show slight attack on ends 
this year but no fre^ attack 
on rides. 

B-11 

F-13 

ditto Minus Residue Above 360 

F-13-16 Considerable limnoria 



deg. C. 

attack at earlier date with 


14 

ditto Minus Fraction 230-270 

little change in 1931 and ver>' 



deg. C. 

light attack this year. 


15 

ditto Minus Fraction up to 230 

F-14-1S Light Limnoria attack 



deg. C. 

in previous years with small 


16 

ditto Minus Fraction 270-360 

change in 1930 and 1931. 



deg. C. 

Very light attack evident this 
year. 


Copper and Monel Sheathing 

Sheathmg of piles is known to be an effective method of protection but reports to 
the Committee on Marine Piling Investigations, National Research Council indicated no 
agreement as to the probable life of various materials of whkh copper was one of the 
most important. Arrangements were therefore made for a comparative test of copper 
and monel metal by sheathing piles with these two materials. 

The copper sheets were furnished by the Copper and Brass Research Association and 
the monel by the International Nickel Company. The piles were ^eathed by tbe Bureau 
of Lighthouses and installed at Key We^, Fk., and at tbe Cat Island Light in tbe Gulf 
of Mexico in the early summer of 1923. 

In^>ection reports from the Superintendent of Lighthouses at Key West and New 
Orleans follow; 

Key West, Florida 

*‘l. In compliance with your request of June 7, 1932, the te^ piks at tbe Key 
West Depot Scathed with copper and mcmel metal were ii:^>ected at low tide this after- 
noon, Both piles are in very good condition and from an examiimtion whh watergk^ 
the lower portion of the sheathkkg of each is still below the mud line, with untoudied 
by marine borers. The metal above water is covered with coating of corrosion. When 
m a r ine growth was removed from portion mMler water metal appears as br^t as ikw 
on the monel metal, and a da3± brown color on the cop^per. 

2. According to our records, these piles were installed on May 23, 1923, and have 
been in the water over 9 years. For this period in these waters these piles are in excelknt 
condition.” 

New Orleans, La- 

“1. Referring to your letter of June 7th, you are advised that inspection was made 
of the creosoted 6" x 6" piles in the wharf at Cat Island Lighthouse a few days ago. 

2. The creosoted piles which had not been encased with sheet copper and monel 
metal some years ago for experimental purposes have been attacked by nmrine borers 
and the piles were encased with reinforced concrete to protect them from further attacks, 
also to strengthen them in order to prolong the Kfe of the piles. 

3. At the same time the undieathed piles were encased in concrete tbe keeper en- 
cased those which were sheathed with monel and copper in order to further protect them 
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against the attack of marine borers. All the piles except two are now encased in con- 
crete from below the bottom to about a foot above mean high w^ater, therefore it was 
not practicable at the recent inspection to make any examination of the condition of the 
monel n^tal and copper at the water line. It can be stated, however, that both metals 
above the concrete appeared in good condition with slightly more barnacle spots on the 
monel metal than were on the copper. 

4. There are two piles at the boat landing which were encased in copper which 
have not yet had the concrete casing placed around them but this will be performed by 
the keeper in a few days. The condition of the copper was noted and it w^as found that 
there were a number of small holes in the copper ranging in size from pin holes to 
diameter. These holes WTre located from about the water line to about 6" below the 
water Hi^ and in order to protect piles from attack of marine borers these piles will be 
encased in concrete. 

5. From the foregoing it will be seen that no future reports can be made on the 
compar^n of monel metal and copper as these metal sheathings can no longer be ob- 
served at the water line due to the casing of concrete. The keeper recently stated that 
he noted that there was hardly any difference in the condition of the monel metal and 
the cof^r when he placed the concrete as both metals seemed to have a number of 
holes, mostly pin holes, from the water line to five or six inches below same.” 

Creosoted Piles at Cavite 

Photographs (Fig. 3) w^ere submitted to the Committee from the Cavite Naval 
Station showing sections of piles driven at the Fuel Depot, Sanghly Pt., P. I. in May 
1926 and fmlled Aug. 16, 1932. These piles w^re fir treated with 12 lb. of creosote. 
The attack seems to be wholly by Martesia, which is known not to be inhibited by 
creosote, but no limnoria or teredo attack is evident so far, although these animals are 
very active in practically all Phillipine harbors. 



Fig. 3. — ^Navy Yard, Cavite, P.1, Section of creosoted pile cut in quarters after 
six years and three months immersion. Section cut between tide levels showing attack 
by Martesia Striata. 194-32 Aug. 19, 1932. 

“SEA ACTION COMMITTEE” 

Institution of Civil Engineers — ^England 
The Twelfth Interim Report has been received. 

The Committee expc^ed some pine blocks treated with 0.3 per cent or less of chloro- 
dibydrc^henarsaane (D.M.) in creosote and up to 5.3 per cent of carbazole in creosote. 
A set of ^>edmens submerged at Colombo, Ceylon for S years were examined. No dif- 
ference coiW be noticed between the blocis treated with creosote and creosote and D.M. 
Carteole a|^)eared to be attractive to limnoria. 



Wood Preservation 


449 


In an effort to determine the relative value of the various arsenicals recommended 
as a result of laboratory experiments, in which very similar results were obtained in 
England and the Umted States, the British Committee treated a large number of te^ 
pieces with the^ poisons dissolved in alcohol. After the akohol evapmrated the toxics 
would show their value uninfluenced by any toxic value of the canier. The 12tli Interim 
report gives the result of the examination of blocks submerged at Colombo, Ceylon. 
The previous results were confirmed showing the superiority of DJd. over BJ3.C. (a 
mixture of phenyl arsenious oxide and phenyl arsenious chloride), Dj\. (dipbenyl- 
chlorarsene) and BA. oxide. 

Experiments with these same toxics using a fuel oil carrKr gave about the same 
result at Singapore. 

A series of teste at Wellington, N.Z., showed white pine treated with Prntsch gas tar 
to be u^ttacked since 1925. Untreated blocks ^owed their resistance in the following 
descending order: brush box, totara, turpentine and white cedar. Bmrii box was not 
attacked for 3 years and only very slightly after 6 years. 

The experiments to determine the value of naphthalene were initiated by the sub- 
mergence of a large series of blocks at Kilindini (Kenya Colony) and Mauritius have 
not as yet yielded results. 

This repwjrt also gives some progress reports on experiments with concrete. 

OTHER FOREIGN REPORTS 

Two reports dealing with marine borer attack and the resistance of tropical timbers 
have come into the hands of the Committee during the past year. They are reviewed 
below: The exact title of the first publication is as follows: 

“Department Van Landbouw, Nijverheid en Handel in Nederlandsch-Indie” 
Mededeelingen van het Boschbouwproefstation No. 25 

Gegevens Betreffende een onderzoek naar Nederlandsch-Indische Ho«ts(X>rten, 

welke tegen den paalworm bestand zijn. Door J, W. Gon^rijp Narkre Gege- 
vens Omtrent De Aantasting Van Nederlandsch-Indische Houtsoorten Door 

Paalworm en Andere in Zee — en Brakwater Levende Dieren Door A.TJ. Bianchi, 
Landsdrukkerij — 1932 — Batavia 

A valuable contribution to our knowledge of tropical timbers more or less resl^nt 
to teredo and other marine borers, has just been issu^ by the Department of Land and 
Commerce of the Dutch East Indies. This is a small volume of 147 pages containing 
two papers. 

The first one by Gonggrijp, is a continuation and extenrion of the inve^^ation 
commenced in Surinam, for the purpose of discovering i^w timbers resi^nt to marine 
borers. After a historical survey, the Author, acknowkc^ing that protection by n^ns 
of broad-headed nails, or creosote does not always entirely protect the wood, discusses 
the possibility of finding naturally reri^nt Tropical woods in the Dutch East Indies. 
He refers to the partial immunity of Greenheart and to the absolute immunity of Man- 
barklak. He raises the question as to whether ihe presence of large amounts of silka 
particles such as are contained in Manbarklak, may not be responsible to a t^rtain degree, 
for the extraordinary resistance of the wood. In two chajkers, he then discuses his 
examination of 814 timbers of the Dutch East Indies archipelago. ISl of tb^e woods 
had silica inclusions. The names of these timbers are ^ven. He, however, calte atten- 
tion to the fact that the resistance to teredo attack is proMbly not aku^ dependent on 
the content of silica particles, but also on the dei^y of the timber. 

The last chapter of thic; paper deafe with timbers of the Dutch East Indks whidi 
have been mentioned heretofore as resistant, caflii^ attention to the fact that a consider- 
able number of these must now be eliminated. 

He then gives a conaderable discussion with reference to further experiments to 
ascertain the degree of resistance against teredo for the purpose of ^imulatii^ the market 
for teredo resistant woods. The timbers which he believes may prove resirtant, belong 
to the following genera: Angelesia, Artocarpus, Beuschmiedia, Cotylelorium, 
Endiandra, Eusideroxylon, Gluta, Heritiera, Intsia, Melanorrhoea, Metrosideros, 
Mlmusops, Parastemon, Parinarium, Prottum, Stereospermum, Sloetia, Tarrietia, 
Tectona, and Vitex. 

Eigh ty figures show various marine borers; microj^otograf^s of silica containing 
woods and test specimens showing both attack and immunity. 
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The second part of this volume consists of a paper by Bianchi, giving a compilation 
of data about the resistance of Dutch East Indies timbers against the attack of borers, 
from the results obtained after the completion of Mr. Gonggrijp’s paper. The author 
tested a very considerable number of woods, not only in the Dutch East Indies but in 
San Francisco Bay and the Panama Canal. 82 different species are discussed in detail 
as to the place of exposure, the common name, latin name, in what t;^e of construction 
used, etc. Among the most important woods, he mentions the following: 

Kajoe Nani and Lara (Species of Metrosideros). This is a very heavy and strong 
wood, rich in silica and hi^ly resistant against teredo. He examines samples exposed 
more than 40 years. He refers to freedom from attack in this t}^ of wood in San 
Francisco Bay (1924 to 1931) and in the Panama Canal (1925 to 1931). This timber 
incidentally belongs to the same group as the Australian turpentine wood, known for 
many years for its high resistance against teredo attack. 

Resak Doerian (Cotylelobium flavum, Pierre), gave good results in tests in West 
Borneo and is a promising timber for salt water piHng. 

Tempinis (Sloetia elongata Kds., family Moraceae), the heartwood of this timber 
proved highly resistant on the East Coast of Sumatra. 

Kolaka (Parinarium corymbosum Miq., family Rosaceae) with a high silica con- 
tent, showed high resistance not only in the East Indies but in tests in San Francisco Bay 
and the Panama Canal. 

Kajoe Malas (Parastemon urophyllus DC) gave satisfactory results in tests in the 
Panama Canal (Report by J. Zetek of test specinsens started October 26, 1925, last 
report August 14, 1929 “the wood is sound and shows no gribble or teredo”). The 
author cal£ attention however, that further tests will be necessary to determine the actual 
resistance of this timber. 

The author also discusses two non-silica containing woods: 

Belian or Ironwood (Eusideroxylon Zwageri, T. T. B., family Lauraceae). A 
wood very extensively used for construction in salt water. While this is sometimes at- 
tacked, ironwood shows high resistance and is a wood well worth further trial. 

Teroentoem (Lumnitzera littorea Voigt, family Coaibretaceae) . This wood, while 
not immune, is attacked very slowly. A sample is referred to which, while showing 
some signs of attack, was still in use after 30 years of expwjsure. 


DESTRUCTION OF TIMBER BY MARINE ORGANISMS IN THE PORT 
OF SYDNEY, N.S.W. 

Published by the Sydney Harbor Trust 

Thfe book is a progress report on studies started in 1927 by the Sydney Harbor 
TriKt. The organization and methods are very amilar to those of the National Research 
Council, Parted in 1922 and inherited by the sub-committee when the National Research 
Council Committee was disbanded. The work is restricted to the vidnity of the Port 
of Sydney. 

The present report describes the various borers found, especially one genus that 
seems to work most efficiently in almost freffi water, water having a salinity of from 
one to dx parts salt. 

Imiications are that the intensity of attack by the teredine group is lessened in pro- 
portion to the rfee in the hydrogenion concentration and the lowering of the oxygen 
content. This tends to confirm the results obtained in New York Harbor from a simikr 
study of oixygen content. The report contains a chart showing the variations in tempera- 
ture salinity, hydrogenion content and oxygen with a statement of borer conditions 
at each obseivii^ date for eadi of the 37 observing stations. 

dmpter on “Protective Measures” b^ins with the following statement: “The 
ren^edies that have been tried for the protection of marine timber piles are innumerable 
and aU have failed from the point of view of permanence”. Turpentine wood while 
attacked in some locations seems to give the best results. 

The foBowing statement fe also made: “The rate of deterioration of concrete in 
salt water has not been determined but there are borers in Port Jackson which attack 
it and albough instances are not numerous their development remains a menace to the 
future”. 

Tfe report ^scri>es the begmnH^ of a stxidy whidi promises much valuable in- 
m tlie future if it fe carried throu^ as it Ms been started. It is being financed 
by gcwmnaeiff: funds. 
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Summary 

The continued resistance to serious attack of several tropical timbers under test in 
the Canal Zone is very interes^g. Generally a timber or a ti^tment which 

is reasonably eSective in the tropics will give much longer servke in the temperate zone. 

The tests of the experimental treatments by the Chemical Warfare Service after 
7 to 8 years, seem to indicate that the 1 per cent ammoniacal copper carbonate and the 
fuel oil containing diphenylamine chlorarsene and phenyldkhlorarsene both offer decided 
resistance to attack but that neither is as good as AJRJEA. No. 1 creosote. 

The copper resinate tests did not give satisfactory results since the ^>ecimens gener- 
ally showed little additional resistance because of the treatment. This may possibly be 
because of the use of too low a concentration or imperfect treatrc^t or both. 

1932 REPORT ON TEST PILES 

The following Tables, 1-A to 1-D, give the 1932 condition of four sets of Test Piles 
driven in 1919 and 1920 at Seattle, Tiburon in San Francisco Bay, San Pedro aiKi San 
Diego. Each set originally consisted of seven piles, including the following: 

3 Old Creosoted fir piles originally driven in 1890, Table 1-A 

1 Old Creosoted fir pile originally driven in 1901, Table 1-B 

2 New freshly creosoted fir piles origmally driven 1919-20, Table 1-C 

1 New untreated fir pik, originally driven 1919-20, Table 1-D 

The untreated piles were de^royed in three or four years as shown in Table 1-D, 
leaving six piles in each set. 

The set at San Diego was exposed for test by the Atchison, Topeka and Santa Fe 
Railway Company in their wharf No. 63, until the wharf was d is m antled in 1925. After 
being repaired they were redriven by the Southern Pacific Company at Long Beach, 
California and the test continued. 

It has been cu^omary to make an annual diver insj^iction of the te^ piles which 
the Northern Pacific installed under its Dock No. 1 at Seattfe for test purposes, but due 
to the fact that the inspections of recent years show these pffes to be entirely free from 
Teredo, the diver inspection was allowed to go over, as the cost of such inspection was 
not conridered justified this year. 


Conclusion 

It is recommended that thk report be accepted as information. 
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Test Piles — Table 1-A 

CREOSOTED FIR PILES FROM SOUTHERN PACIFIC COMPANY OLD LONG 
WHARF, DOCK “A” OAKLAND. ORIGINALLY DRIVEN IN 1890. PULLED 
IN 1919 AND RE-DRIVEN ELSEWHERE. EXPOSED TO MARINE BORER 
ATTACK FORTY-TWO YEARS TO DATE 




Redriven for Test 

1932 Inspection 


Mark 

Date 

Railroad 

Location 

Remarks 

Borers 

A- 6 

1920 

NP Ry. Co. 

Seattle 

Not inspected by diver in 
1932. 


A- 8 

1920 

NPRy. Co. 

Seattle 

Not inspected by diver in 
1932. 


A-32 

1920 

NP Ry. Co. 

Seattle 

Not inspected by diver in 
1932. All of above piles 
free from Teredo in 1931 


A-19 

1919 

NWP RR Co. 

Tiburon 

Shows number of to 

checks between high 
and low tide but no evi- 
dence of borer. 


A-28 

1919 

NWP RR Co. 

Tiburon 

Good condition, free from 
borers. 


A-29 

1919 

NWP RR Co. 

Tiburon 

Good condition, free from 
borers. 


A- 5 

1919 

SP Co. 

San Pedro 

Slight Limnoria attack of 
1924 not now active. 
Pile coated with small 
barnacles. No other 
change. 


A-20 

A-34 

1919 

1919 

SP Co. 

SP Co. 

San Pedro 
San Pedro 

Same as above. 

Same as above. 


A- 2 
A- 2 

1920 

1925 

AT&SF 

SP Co. 

San Diego 
Long Beach 

Pulled in 1925. 

Holes attacked repaired in 
1925. No further attack 
to date. 

Limnoria 

A- 7 
A- 7 

1920 

1925 

AT&SF 

SP Co. 

San Diego 
Long Beach 

Pulled in 1925. 

Holes of Limnoria attack 
in 1925 repaired. No 
further attack. 

Limnoria 

A-S3 

1920 

AT&SF 

San Diego 

Pulled in 1925. 


A-33 

1925 

SP Co. 

Long Beach 

Holes of borer attack re- 
paired in 1925. No fur- 
ther attack to date. 

Limnoria- 
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Test Piles — ^Table 1-B 

CREOSOTED FIR PILES FROM SOUTHERN PACIFIC COMPANY OLD LONG 
WHARF DOCK “E”, OAKLAND. ORIGINALLY DRTV^EN IN 1901. PULLED 
IN 1919 AND RE-DRIVEN ELSEWHERE. EXPOSED TO MARINE BORER 
ATTACK THIRTY-ONE YEARS TO DATE 



Redriven for Test 

193Z Inspection 


Mark Date 

Railroad 

Location 

Remarks 

Borers 

E-46 1920 

NP Ry, Co. 

Seattle 

Not inspected by diver in 
1932- No evidence of 
Teredo at low tide. 

Teredo 

E-42 1919 

NWPRRCo. 

Tiburon 

Shows check in one; 

place between high and 
low tide. No new at- 
tack. Two holes re- 
paired in 1926 where 
borers had entered are 
still in good conation 
except one copper plate 
badly eroded. 

limnoria 

E-50 1920 

AT&SF 

San Diego 

Pulled in 1925. 


E-50 1925 

SP Co. 

Long Beach 

light attacks in 1927, re- 
paired. No further at- 
tacks. 

limnoria 


Test Piles — ^Table 1-D 

UNTREATED FIR PILES EXPOSED TO MARINE BORER ATTACK 



driven fc 

*r Test 

1932 Inspection 


Mark Date 

Railroad 

Location 

Remarks 

Borers 

49 1920 

NPRy 

Co. 

Seattle 

Broken off at mud line, 
1923 

Limnoria 

BanMa 

45 1919 

NWP RR Co. 

Tiburon 

Broken off at mud line, 
1923 

limnoria 

Bankia 

Teredo 

Navalls 

39 1920 

AT&SF 

San Diego 

Broken off at mud line, 
1923. 

limnoria 
and prob- 
ably 
Bankia. 


A 
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Test Piles — ^Table 1-C 

FRESHLY CREOSOTED FIR PILES EXPOSED TO MARINE BORER ATTACK, 
TWELVE YEARS TO DATE 




Redriven J 

'br Test 

1932 Inspection 


Mark 

Date 

Railroad 

Location 

Remarks j 

Borers 

47 

1020 

NP Ry Co. 

Seattle 

No apparent attack to 
date. Diver inspection 
not made in 1932. 


48 

1920 

NP Ry Co. 

Seattle 

Old sign in check and knot 
near bottom. No live 
Teredos in 1931. Diver 
inspection not made in 
1932. 


43 

1019 

NWP RR Co. 

Tiburon 

No attack to date. 


44 

1919 

NWP RR Co. 

Tiburon 

No attack to date. 


40 

1919 

SP Co. 

San Pedro 

No attack to date. Pile 
coated with small barna- 
cles. 


41 

1919 

SP Co. 

San Pedro 

SameasNo.40. No attack. 


51 

1920 

AT & SF 

San Diego 

Pulled in 1925. 


51 

1925 

SP Co. 

Long Beach 

Holes of 1925 repaired. 
Now^ shows Limnoria 
working at low water. 

Limnoria 

52 

1920 

AT&SF 

San Diego 

Pulled in 1925. 


52 

1925 

SP Co. 

Long Beach 

1 

Holes of attack in 1925 re- 
paired. No sign of any 
borers at this time. 

Limnoria 
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Appendix D 

(4) SPECIFICATIONS FOR TREATMENT OF AIR-SEASONED 

DOUGLAS FIR 

R. S* Belcher, Chairman, Sub-Committee; F. D. Mattos, Vice-Chairman, Sub-Committee; 

H. R. Duncan, W. R. Goodwin, G. R. Hopkins, H. E. Horrocks, R. S. Hubfcy, W. H. 

Kirkbride, A. J. Loom, G. P. MacLaren, Clyde Osborne, L. J. Reiser, Dr. Hermann 

von Schrenk, C. M. Taylor. 

The work your Committee has completed up to this time may be divided into three 
parts: A study of treated Douglas fir piling and timbers which have given long service, 
the methods which were used for the treating of this fir, and the penetration of preserva- 
tive accomplished by these treatments; a study of the practice of perforating or incising 
Douglas fir ties and timbers, the improvement in penetration and afasorprtion of pre- 
servative obtained thereby, and the effect upon the strength of the incised timber; and 
finally a study of the effects on quality of treatment of various manipulations of the 
treating cycle, using experimental treating equipment along the general lines of the 
treating methods now in general use. 

A report of the condition of creosoted Douglas fir piKng and timbers which had 
given ten to thirty-two years’ service at the time of the mspectk>n in the 42 bridges in- 
spected by the Committee in 1928, together with description of the treatments given 
this material, appears on pages 684 to 702, Vol. 30 of the Proceedings of this Association. 

Incising 

As is true of some of the other woods commonly given preservative treatment, the 
heartwood of Douglas fir offers great resistance to the injection of preservative while 
the sap wood can be treated more easily. Since the natural timber contains only a thin 
shell of sapwood, the general treatment is difficult. Furthermore, since sawed timber 
may be entirely heartwood, or contain only a small amount of sapwood, it follows that 
sawed timber is more difficult to treat than round timber which contains the full amount 
of original sapwood. 

This refractory quality of Douglas fir has led to the development of the principle 
of perforating or incising the timber mechanically as an aid to the motion of pre- 
servatives. The practice of incising Douglas fir cross-ties, switch ties arni bridge ties 
has been extensively used for the past ten years or more and the advantages of thk pro- 
cedure have been conclusively demonstrated. The indsions are so made and ^ced 
(Fig. 1) that the preservative entering the wood unites between adjacent incfeioiis and 
produces a more uniform and deeper penetration than would otherwfee be po^ffile and 
usually less time is required for treating incised than non-incised timber. The recent 
studies of your Committee, therefore, have been partkulariy directed toward the imn^ng 
of bridge timbers and the reduction in strength whkh may reaih from tto i^ocesing 
of the timber. 
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Fig. 1. — Recommended Pattern for Spacing of Teeth in Incisii^ Machine Rolfe. 
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Through the courtesy of E. E. Chapman, Engineer of Tests of the Santa Fe, who 
ver>’ kindly cooperated with your Committee, there have been made available to this 
Committee results of extensive tests made by Mr. Chapman to determine the effect of 
incising and treatment on the strength of 7X16—15 Douglas fir stringers, and at the same 
time the comparative strength of boxed heart and side-cut stringers. The 15-foot lengths 
were cut from 30-foot sticks, one-half treated and the other left untreated, so that com- 
parisons of any group treated may be made with a like group untreated. One hundred 
and sixty of the 15-foot lengths were used in the test. Half of these were side-cut string- 
ers and half boxed heart. Half of the side-cut and half of the boxed heart were incised. 
The incising machine used was equipped with oyster knife teeth, which penetrated the 
timber ^ in. All test pieces were first air-seasoned at the National City, California, 
Treating Plant of the Santa Fe seven to eight months. As the National City Plant did 
not at that time have an incising machine large enough to take pieces of this size, the 
West Coa^ Wood Preser\mg Company very kindly incised the test pieces in their large 
incising machine at their Eagle Harbor, Washington, plant, and the McCormick Steam- 
ship Company furnished transportation to and from Eagle Harbor. This cooperation is 
greatly appreciated. 

After treatment at National City all test specimens were shipped to the Laboratory 
of Tests at Topeka. The preservative treatments given the test specimens were as 
follows: 

Non-Incised Stringers — ^Preservative Used A.R.E.A. Grade One Creosote 
Initial vacuum, 1 hr. 

Heating bath, time 5 hr., temperature at start 166®F., temperature at finish 178°F. 
Maximum pressure raised over a period of 1 hr. 30 min, and maintained 15 hr. 
Temperature at start of pressure period 178°F., temperature at end of pressure period 
178“F. 

Final vacuum, 1 hr. 

Total time to treat charge, 24 hr. 

Average absorption of preservative 8.78 lb. per cu. ft. of timber. 

Non-Incised Stringers — ^Preservative Used Mixture of 45 Percent A.R.E.A. 
Grade One Creosote and 55 Percent Petroleum Residuum Oil 

Treatment the same as above except slight variations in temperatures. 

Avmge absorption of preservative 5.58 lb. per cu. ft. of timber. 

Incised Stringers — ^Preservative Used A.R.EA. Grade One Creosote 
Initial vacuum, 1 hr. 

Maximum pressure raised over a period of 1 hr. 30 min. and maintained 10 hr. 
Temperature at start of pressure period 180°F., temperature at end of pressure period 
ISO^’F. 

Final vacuum, 1 hr. 

Total tiiEte to treat diarge, 14 hr. 10 min. 

Average al^rption of preservative 9,36 lb. per cu. ft. of timber. 

Incised Stringers — ^Preservative Used Mixture of 45 Percent A.R.E.A. Grade 
One Creosote and 55 Percent Petroleum Residuum Oil 

Treatment same as above except slight variations in temperatures. 

Average dbsorptkm of presmyative 7.76 1>. per cu. ft. of timber. 
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Strength Tests 

From Mr. Chapman’s detailed and complete report of strength tests, the following 
excerpts have been made which it is thought are of particular intere^ and serve, in part, 
as the basis of the conclusions of this Committee pertaining to the practice of ind^ng 
bridge timbers. 

Test specimens were identified during the test as follows: 


No, of 

Samples Identification Explanation of Symbol 

20 1-20 B Boxed heart 

10 1-10 BC Boxed heart creosoted 

10 11-20 BM Boxed heart mixture treatment 

20 1-20 BP Boxed heart incised 

10. 1-10 BPC Boxed heart incised creosoted 

10 11-20 BPM Boxed heart incised mixture treatment 

20 1-20 E Side-cut 

10 1-10 EC Side-cut creosoted 

10 11-20 EM Side-cut mixture treatment 

20 1-20 EP Side-cut incised 

10 1-10 EPC Side-cut incised creosoted 

10 11-20 EPM Side-cut incised mixture tr^ted 


Transverse Tests. — ^Transverse tests were made on eadi ^)ecimen. The ^>edmens 
were supported on two “I” beams, placed on the table of a 600,000-lb, Olson teeing 
machine. Rocking knife edges were placed between the specimen and I-beam to permit 
free movement of the specimen. The load was applied at third points by two knife 
edge bearings on steel plates six inches wide. Rollers were placed between the top plates 
to allow movement in a horizontal plane. This set-up is shown in Fig. 2. 



Fig. 2. — ^Transverse Test Specimen in Test Ma<itme. 
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rtL 3 ULTS OF TRASSmSE TESTS - SHE- COT MQt-IligiaSD SIRIUGSBS 
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fT.TY OF 

TTST 





Polin'^ s pf'r 

so. in. 


Per cent change 



roduius 

rociuius 

Longi- 


LOQUIUS 


"lactic of 

of 

tudinal Plastic 

of 

Specimen 

lirdt 

rupture 

elasticity 

shear 

lunit 

rupture 

Eifect 

of Treatment 




1-10 B 

4611 

5331 

1,601,700 

409 

f2.24 

+0.47 

1-10 BC 

4714 

5353 

1,832,800 

411 

il-?0 B 

4896 

5312 

1,792,200 

412 



11-2C BK 

4625 

5262 

1,704,900 

406 

-5.54 

-1.13 

1-lC B? 

4183 

4922 

1,725,900 

372 

-2,37 


1-lC BPC 

4064 

4744 

1,652,900 

368 

-3.61 

11-20 BP 

4492 

5081 

l,7o9,800 

392 



11-20 BBI 

4561 

4946 

1,748,500 

382 

n.5i 

-2.61 

1-10 E 

5102 

5510 

1,841,800 

426 



1-10 EC 

4884 

5534 

1,833,600 

429 

-4.27 

-0.43 

il-20 E 

5130 

5839 

1,840,300 

451 



n-20 EM 

4968 

5763 

1,848,700 

446 

-3.28 

-1.30 

1-10 EP 

4522 

5035 

1,759,000 

388 



1-10 EPC 

4595 

5232 

1,752,300 

404 

+1.61 

+3.92 

11-20 EP 

4449 

5002 

1,738,600 

384 



11-20 EPM 

4482 

5156 

1,733,000 

399 

+0.74 

+3.08 


Effect 

of Incision on Untrented Specimens 


1-20 B 

4753 

5322 





1-20 BP 

4338 

5002 



-8.74 

.6.00 

1-20 E 

5U6 

6674 





1-20 EP 

4486 

5018 



-12.32 

-11.57 


Effect 

of Incision on Treated 

Specimens 


1-10 BC 

4714 

5353 





1-10 BPC 

• 4084 

4744 



-13.35 

-11.40 

11-20 BM 

4626 

5252 





11-20 BPM 

4561 

4946 



-1.38 

-5.82 

1-10 EC 

4884 

5534 




1-10 EPC 

4595 

5232 



-5.91 

-5.46 

11-20 EM 

4968 

5763 




n-20 EHJ 

4482 

5156 



-9.78 

-10.52 


Comparison of Side-Cut to Boxed Heart 



1-20 B 

4753 

5322 





1-20 E 

5116 

5674 



+7,63 

+6.62 

1-^ BP 

4338 

5002 



1-20 EP 

4486 

5018 



+3.46 

+0 .32 

1-20 BOBM 

4670 

5302 




IMmrn 

EPC4-EBC 

4926 

5648 

tm 



+5.48 

+5.CC 

+6.50 

+7.20 


Deflections were measured by means of a fine steel wire and scale graduated to hun- 
dredths inch. The wire was stretched along the neutral axis between nails located verti- 
cally above the knife supports. The wire was kept taut by attaching a weight to one 
end. Defl^lion readings were taken during continuous application of load. 

All specimens were placed in machine in same position, as nearly as possible, with 
reference to grain structure. A 2000-lb. load was first applied to give a firm bearing 
and the scale set at zero. Readings were taken at SOOO-lb. load increments. The test 
data are tabulated on i^ges 458 to 459 inclusive. 

Compression Test Parallel to Grain. — ^Si>ecimens for compression t^t parallel to 
the grain were cut from the transverse specimens after making the transverse t^ts. It 
was intended to imke the ^^edmens exactly 5 by 5 by 12 in., but due to lost motion in 
the saw, some were sightly under size. 

An loSial load M 2000 R)*. was first apjfiied and defiectometer set at zero. Readings 
wore taken ait increments of 5000 Ib. to dastfir limit. The weeing beam was then kept 
balanced inaximtun load was reached. This set-up is shown in Fig. 3. Data are 
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tabulated on pages 469 to 470 inclusive. Fig. 4 is a photograph showing characteristic 
failures for this test. 



Fig. 3. — Compression Test Parallel to Grain, Specimen in Te^ Machine. 



Fig. 4. — Characteristic Failure of Specimens in Completion Test 
Parallel to Grain. 
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r^cHLTS 'T CC' rnrssi tfsts -i"! to gtajii 

- — ^ '\m'b i. it'/ - 


Specimen 

Hroaber 

Mois- 

ture 

% 

Rings 

per 

in. 

Vt.per 

cubic 

foot 

Lb. 

sq. 

per 

in. 

Defi ection 
in. 

IfiOJulUS of 
Elasticity 
lb, per 
sq. in. 

Type 

of 

Fail- ‘ 
ure 

Elastic 1.';. X. 
Limit Load 

EJastic Max. 
Limit Load 

1 B 

11.90 

7 

30.2 

c280 

6480 

0.112 

0.134 

672,800 

C. & S. 

1 BC 

15.18 

7 

35.3 

4514 

5110 

0.098 

0.145 

552,500 

c. & s. 

2 B 

11,54 

8 

31,2 

5330 

5490 

0.096 

0.116 

66o,300 

C. & S- 

2 BC 

15.62 

7 

45.8 

bllO 

6550 

0.087 

0.126 

842,500 

C. c”- s. 

3 B 

13.34 

12 

35,3 

5280 

5860 

0.117 

0.151 

541,500 

c. & s. 

3 ^ 

14.80 

13 

46.9 

4o80 

4990 

0.108 

U.131 

.20,000 

C. d S« 

4 B 

14.00 

8 

35.1 

o3d8 

6248 

0.096 

0.143 

670,500 

c. & s. 

4 K 

18.40 

9 

41.2 

4904 

5280 

0.095 

0.121 

620,000 

c, & s. 

6 B 

13.56 

10 

31.2 

6875 

7275 

0.091 

0.121 

906,500 

C. d s. 

5 BC 

17.76 

9 

34.8 

5080 

5410 

0.106 

0.146 

657,500 

c. & s. 

ti B 

14.68 

8 

33,6 

6027 

6125 

0.109 

0.138 

664,000 

c. & s. 

t> K 

20.20 

8 

44,4 

5080 

5615 

0.093 

0.180 

656,000 

c. & s. 

7 B 

13.14 

9 

30.2 

5359 

5968 

0.121 

0.169 

530,000 

c. & s. 

7 BC 

15,02 

9 

37.8 

6080 

6258 

0.107 

0.122 

762,500 

c. & s. 

3 B 

12.34 

9 

38.4 

6280 

6800 

0.137 

0.194 

550,000 

C.& s. 

8 BC 

19.38 

8 

52.2 

5628 

o980 

0.105 

0.127 

643,000 

c. & s. 

9 B 

13.44 

9 

31.2 

4480 

4570 

0.C92 

0.118 

584,000 

c, & 6. 

9 BC 

13.90 

10 

41,2 

6897 

5897 

0.121 

0.121 

585,000 

c. & s. 

10 B 

13.10 

10 

34.2 

6075 

6300 

0.114 

0,151 

639,000 

c. & s. 

10 BC 

15,60 

7 

39.7 

5680 

5925 

0.123 

0.178 

555,000 

c. & s. 

11 B 

13.90 

16 

35.5 

8280 

6080 

0.C95 

0.115 

6u7,000 

c. & s. 

11 BM 

14.44 

14 

37.4 

5680 

5902 

0.111 

0.148 

614,000 

c. & s. 

12 B 

13,84 

7 

31.3 

4904 

5405 

0.116 

0.161 

507,400 

c.&s. 

12 m 

12.60 

9 

36.6 

5067 

5420 

0.101 

0.146 

602,000 

c. & s. 

13 B 

12.66 

9 

37.0 

5928 

6900 

0.104 

0.133 

684,000 

c. & s. 

13 m 

12.98 

12 

41.5 

5442 

5862 

0.098 

0.124 

654,000 

C. d s. 

14 B 

14.98 

7 

30.1 

5680 

6280 

0.114 

0.140 

697,600 

c. & s. 

14 at 

14.86 

6 

33.3 

4494 

5075 

0.119 

0.209 

453,000 

c. i 6. 

15 3 

14.14 

8 

32.6 

5280 

5300 

0.115 

0.150 

550,500 

c. & s. 

15 BM 

13.33 

3 

33.7 

5280 

5302 

0.105 

C.116 

603,000 

C. & s. 

lu B 

10.86 

8 

31.1 

5476. 

6450 

0.102 

0.130 

644,000 

C. 5: S. 

16 BM 

10.24 

9 

45.8 

6563 

6775 

0.067 

0.075 1175.400 

c. & s. 

17 B 

15,20 

6 

34.2 

3772 

4200 

0.C84 

0.115 

536,000 

c. & s. 

17 EM 

15.82 

6 

40.2 

5955 

6160 

0.100 

0,127 

716,000 

C. & s. 

18 B 

16.40 

8 

30.5 

428Q 

4750 

0.137 

0.199 

377,000 

c. & s. 

18 BM 

14.88 

8 

33.5 

4301 

4680 

0.096 

0.134 

537,500 

c. & s. 

19 B 

15.30 

11 

31.4 

4904 

5306 

0.109 

0.129 

539,800 

c. & s. 

19 m 

14.90 

9 

35.0 

5002 

5430 

0.109 

0.129 

506,000 

C, & s. 

20 B 

11.^ 

6 

31.8 

4592 

5000 

0.095 

0.151 

581,000 

C. & 8 a 

20 m 

15.06 

6 

36.4 

4360 

4750 

0.085 

0.097 

610,000 

C. & s. 


TIOTE: C.&S. eqtials Crushed and Split. 



KESULTS OF C0:'PKESSI01I TESTS FArJlUX TO GRAH 


Mois- 

Specimen tiire 
Hninber JT 

Kings 

per 

in. 

1 ^'t.per 
cubic 
foot 

Lb. per 
' sq, in. 
lie Stic ilax, 
Liiait Load 

Deflection 

in. 

EiSBtlC HEX. 

Linit Load 

Kodulus of 
Elasticity 
lb. per 

sq, in. 

Type 

of 

Fail- 

ure 

1 BP 

13.22 

7 

33.2 

5-478 

5893 

0.093 

0.107 

706,000 

C. & S. 

1 BPC 

16.10 

5 

39,8 

ol74 

6384 

0.097 

0.112 

764,000 

C. & ii. 

2 BP 

16,94 

8 

32.4 

5880 

6080 

0.124 

0.133 

568,000 

C. i S. 

2 BPC 

15.62 

8 

37.5 

5080 

5410 

0.093 

0.120 

355,500 

c. & s. 

3 BP 

14.04 

14 

33.0 

5893 

6308 

0.103 

0.121 

656,000 

c. & s. 

3 BPC 

14.72 

13 

36.4 

6304 

6400 

0.095 

0.124 

797,500 

C. 6: s. 

4 BP 

13.78 

6 

32,3 

4536 

4760 

0.090 

0.114 

604,000 

C. t 5. 

4 BPC 

15.96 

6 

39.6 

4112 

4560 

0.079 

0.117 

625,000 

C. & s. 

5 BP 

14.04 

7 

32.3 

5890 

6450 

0.107 

0.128 

660,500 

c. & s. 

5 BPC 

15.90 

8 

38.4 

4100 

4700 

0.091 

0.133 

541,500 

C, 5: S. 

6 BP 

13.94 

11 

33.5 

5413 

5610 

0.123 

0.143 

5:^,ooo 

C. L S. 

6 BPC 

16.18 

13 

45.0 

5280 

5460 

0.102 

0.137 

516,0<X) 

C. L s. 

7 BP 

14.80 

8 

30,1 

4953 

5370 

0,087 

0.141 

634,000' 

C. 5. 

7 BPC 

14.72 

10 

39.6 

4280 

4850 

0.093 

0.130 

554,000 

C, 5 

8 BP 

11.44 

8 

31.9 

3700 

4060 

0,099 

0.133 

449,CX}0 

T: S. 

8 BPC 

15,36 

8 

39,7 

4479 

4700 

0.082 

0.110 

6ij6,400 

C. h s. 

9'BP 

ll.bO 

a 

37,4 

5394 

5SCO 

0.C92 

0.125 

702,500 

G. h S. 

9 BPC 

16.42 

10 

45.6 

5850 

6470 

0,098 

0.135 

716,500 

C. h s. 

10 BP 

12.90 

6 

34.4 

5280 

5340 

0.082 

0.099 

772,500 

c. & s. 

10 BPC 

15.70 

6 

40,3 

4960 

5290 

0.093 

0.129 

640,0£X3 

C. L S. 

11 BP 

13.62 

8 

32.1 

5412 

5630 

0.CP8 

0.114 

664,000 

G.& S. 

11 BPM 

15.88 

9 

35,3 

4514 

4840 

0.095 

0.160 

572,000 

C. h s. 

12 BP 

12.68 

9 

27.8 

5359 

5626 

0.C88 

0.119 

730,000 

C. h ?, 

12 BPM 

14,82 

8 

35.1 

4410 

4900 

0.095 

0.135 

557,500 

C. 5: 5. 

13 BP 

14.52 

7 

81.8 

4490 

4664 

0.102 

0.125 

o27,500 

C. 4- S. 

13 BPtt 

14.94 

5 

38.1 

4797 

4950 

0.093 

0.124 

617,000 

C. h S. 

14 BP 

15.60 

6 

30.7 

4917 

5250 

0.093 

0.127 

634,500 

C. k s. 

14 BPIf 

15.32 

6 

38,0 

5968 

6128 

0.108 

0.137 

645,000 

C. k s. 

15 B? 

11.62 

11 

33.2 

5562 

5950 

0.124 

0.153 

538,000 

C. k s. 

15 BPM 

15.24 

11 

41.5 

4880 

5200 

0.114 

0.168 

514,000 

C. h S. 

16 BP 

15.60 

9 

32.0 

5680 

6022 

0.125 

0.155 

546,000 

C. & S. 

16 BH£ 

lfa.52 

8 

41.4 

5510 

5700 

0.078 

0.107 

847,500 

c. & s. 

17 BP 

13,52 

9 

32.2 

4648 

5060 

0.096 

0.136 

579,000 

c. & s. 

17 BPM 

12.90 

8 

38.9 

6205 

6540 

0.095 

0.116 

786,000 

C. h S. 

IS BP 

12.96 

9 

32.0 

4937 

5078 

0.115 

0.137 

515,000 

c. & s. 

18 BPM 

15.54 

8 

36,6 

4280 

4680 

0,128 

0.173 

401,500 

c. & s. 

19 BP 

14.00 

7 

33,0 

5280 

5360 

0.114 

0,137 

555,700 

c. a s. 

19 BPM 

16.06 

7 

41,6 

4680 

47^ 

0.119 

0.134 

473,0(K) 

c- a s. 

20 BP 

11.42 

6 

33.0 

5357 

5580 

0.125 

0.190. 

5i5,OCX) 

c. a s. 

20 BPW 

15.22 

7 

38.2 

4480 

4950 

0.113 

3.157 

476,000 

c. a s. 


NOTE: C.&S. equals Crushed and Split* 


t/5 in c/iw M cn o f n CO 
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PF-.n.7i. 0? 


> MLEL TO CrTim 


FTHF-rTIT - F"II-T:TISED 


LI. ^'ter 

Mois- Ein^s ’'t.per s], in 
Speclaisn tare per culic h'ipstic i.E.x~ 
I^umbsr % in « foot Liiult Los-d 


1 

E 

13,60 

8 

35.5 

5754 

1 

EC 

14.78 

11 

41.0 

5617 

2 

E 

14.70 

7 

36.1 

5271 

2 

EC 

15,34 

7 

55.3 

5880 

3 

E 

15.14 

12 

34,3 

7010 

3 

EC 

15.04 

11 

10.8 

5925 

4 

E 

13.82 

12 

36.3 

5968 

4 

EC 

19.94 

9 

42.7 

5522 

5 

E 

1CL08 

9 

26.0 

5680 

5 

EC 

16.34 

7 

42.6 

5320 

6 

E 

15.76 

10 

33.0 

5173 

6 

EC 

17.58 

10 

48.2 

4480 

7 

E 

13.8o 

7 

29.9 

4480 

7 

EC 

15.16 

6 

43,4 

4480 

8 

E 

13.46 

10 

34.5 

5124 

8 

EC 

16.08 

8 

39.4 

4879 

9 

E 

11.18 

10 

35.6 

4880 

9 

EC 

15.80 

9 

41.2 

4680 

10 

E 

16.60 

11 

38.5 

6680 

10 

EC 

16.62 

9 

49.4 

5269 

11 

E 

15.34 

16 

30.7 

6845 

11 

EM 

14.56 

14 

42.7 

6400 

12 

E 

13.54 

12 

33.6 

6255 

12 

EM 

14.64 

8 

44.5 

5027 

13 

E 

11.30 

7 

35.1 

6925 

13 

EM 

14.80 

8 

39,1 

4480 

14 

E 

16.52 

10 

44.1 

5909 

li 

EM 

lb.24 

10 

49.9 

4941 

lo 

E 

13.06 

11 

36.5 

6713 

li 

m 

11.74 

9 

40.0 

7718 

lo 

E 

12.33 

15 

33.3 

5210 

16 

EM 

ir.36 

14 

37,3 

5162 

17 

S 

10.90 

6 

33.4 

6720 

17 

EM 

14.34 

7 

43.2 

4680 

18 

E 

8.80 

12 

30,2 

5880 

18 

EM 

13.36 

10 

36.9 

5280 

19 

E 

11.84 

8 

32.1 

5968 

19 

EM 

13.56 

9 

39.8 

4279 

20 

1 

14.8a 

14 

36.7 

7325 

20 

EH 

13,46 

13 

40.6 

6280 


leflpction Todnlus of 
in. Elasticity 
iilastic Ma>V lb. ner 
Lirit Load sq. in. 


5961 

0.086 

0.098 

803,000 

5645 

0.095 

0.117 

716,000 

5770 

0.108 

0,159 

586^000 

6096 

0.094 

0.140 

750,000 

7215 

0.134 

0.153 

b28,000 

6055 

0.090 

0.107 

790,000 

6090 

0.104 

0*126 

688,000 

5846 

0.101 

0.128 

657,000 

6480 

0.099 

0.118 

689,000 

5730 

0.073 

0.116 

507,000 

5610 

0.115 

0.161 

540,000 

4730 

0.081 

0.102 

603,700 

4900 

0.095 

0.109 

665,000 

5005 

0.103 

0.164 

523,000 

5298 

0.139 

0.181 

442,500 

4879 

0.089 

0.089 

658,000 

5472 

0.093 

0.133 

632,000 

5200 

0.118 

0.’186 

476,000 

6732 

0.114 

0.146 

703,000 

6150 

0.097 

0.191 

652,000 

7150 

0.136 

0,19.8 

605,000 

6660 

0.100 

0.119 

666,000 

6680 

0.114 

0.162 

702,000 

6170 

0.151 

0.174 

478,000 

6925 

0.096 

0.096 

722,000 

4855 

0.125 

0.188 

430,000 

6450 

0.119 

0.156 

597,000 

5560 

0.079 

0.106 

624,000 

7030 

0.084 

0.117 

760,000 

7890 

0.119 

0.146 

777,000 

5800 

0.095 

0.122 

658,000 

59b0 

0.104 

0.137 

597,000 

7080 

0.126 

0.147 

666,000 

4876 

0.119 

0.130 

472,000 

6472 

0,116 

0.138 

516,000 

5500 

0.081 

0.109 

782,000 

6318 

0.099 

0.124 

723,000 

4425 

0.089 

0.181 

575,500 

7325 

0.111 

0.111 

792,500 

6480 

0.093 

0.125 

810,300 


itOTE: C.&S. crn shod and split. 


Tyoe 

of 

Fail- 

lire 


C, & S. 
C. & S. 
C. & Ei 
C. & S, 
C. & S. 
C. & S. 
C. & S. 

c. & s. 
c. & s. 
c. & s. 

c. & s. 
c. & s. 
c. & s* 
c. & s* 
c. & s. 
c. i s. 
c* & s. 

& s, 
c. & s. 
c. & s* 

c. & s. 
c. & s. 
c. & s. 
c. & s. 
c. & s, 
c. & s. 
c. & s. 
c. & s. 
c. & s. 
c. & s. 

c. & s. 
c. & s. 
c. & s. 
c. & s. 
c. & s. 
c. & s. 
c. & s. 

C. & s. 

c. & s, 
c. & s. 
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BESULTS OF camSSIQlI TESTS PAEALLEL TO GRAIH 
'giLE'-gw - 


Lb. per Deflectloa )fe>3ulTis o? Tjpe 

Hois- Rings E’t.per sg, in, in. Ela»ticit7 of 


Specimen ture 
Nimber % 

|ier 

in. 

cubic 

foot 

"ir.stic Max. 
Limit Load 

Elastic nkx, 
Lirdt Load 

Ub. ^ 
sq. in. 

Fail- 

ure 

1 EP 

15.66 

10 

36,8 

5890 

6120 

0.078 

0.101 

906,000 

C. 4 

S. 

1 EPC 

16.52 

9 

51.1 

5862 

6282 

0.080 

O.C^3 

882,000 

C. 4 

s. 

2 EP 

13.40 

7 

29.2 

3950 

4285 

0,086 

0.118 

552,000 

C. & 

s. 

2 EPC 

14.94 

6 

39.9 

3616 

3890 

0.093 

0.130 

469,000 

C. & 

s. 

3 EP 

13.52 

12 

38.1 

5820 

6045 

0.097 

0.128 

7‘^,000 

C. 4 

s. 

3 EPC 

15.60 

10 

46,1 

5175 

5^ 

0.097 

0,119 

639,000 

C. 4 

s. 

4 EP 

10.00 

12 

36.6 

6305 

6320 

0.090 

0.1^ 

842,000 

G, 4 

s. 

4 EPC 

17.60 

9 

47,0 

5405 

5650 

0.092 

o.ice 

707, (XX) 

C. 4 

s. 

5 EP 

14.16 

7 

37.6 

6405 

6580 

0.097 

0.117 

794,000 

C. 4 

s. 

5 EPC 

16.56 

8 

48,6 

5765 

5800 

0.076 

0.115 

910,000 

C. 4 

s. 

6 EP 

14.48 

10 

30.4 

5680 

5751 

0.133 

0.166 

512,500 

C. 4 

s. 

6 EPC 

16.78 

13 

42.7 

5530 

5920 

0.096 

0.113 

692,000 

C. 4 

s. 

7 EP 

13.96 

15 

32.6 

5080 

5402 

0.123 

0.168 

496,JOOO 

C, 4 

s. 

7 EPC 

15.70 

14 

40.8 

4917 

5175 

0.i04 

0,156 

565,500 

C. 4 

s. 

8 EP 

13.32 

8 

37.8 

6125 

6210 

0.107 

0,143 

685,200 

C. 4 

s. 

8 EPC 

17.88 

10 

49.3 

5580 

5850 

0.101 

0.145 

6^,500 

C. 4 

s. 

9 EP 

13.76 

13 

32,6 

5280 

5542 

0.124 

0.166 

512,000 

0,4 

s. 

9 FPC 

15.86 

9 

41.3 

4793 

5096 

o.m 

0.113 

660,000 

C. & 

s. 

10 EP 

17.28 

12 

37,4 

6260 

6476 

O.IOl 

dais 

745,000 

0, 4 

s. 

10 EPC 

17.04 

11 

45.4 

5998 

6360 

0.099 

0.129 

m,m 

C. 4 

s. 

11 EP 

12.08 

13 

37,6 

5875 

6125 

0.107 

0,132 

655,800 

C, 4 

s. 

11 im 

16.88 

12 

53,7 

5280 

5606 

0.114 

0.155 

555,200 

C. 4 

s. 

12 EP 

11.58 

14 

55,0 

5880 

6018 

0.095 

oai4 

743,000 

C. 4 

s. 

12 EPM 

14.68 

14 

44,6 

5360 

5500 

0.103 

0.115 

625,000 

C. 4 

S- 

1$ EP 

14.26 

11 

34,4 

.5540 

5776 

0,106 

0a25 

637,500 

C. 4 

s. 

13 EPM 

16.68 

10 

44,1 

4680 

4880 

0,089 

0.114 

632,000 

C. 4 

S, 

14 EP 

15,52 

12 

30,7 

5280 

5380 

0.110 

0,135 

575,000 

C. 4 

S. 

14 EPM 

16.02 

IS 

41,2 

4103 

4803 

o.m 

0,156 

572,500 

C. & 

S. 

15 EP 

14.18 

10 

34,2 

4880 

5140 

o.ic® 

0.160 

555,800 

C, & 

s. 

15 EPM 

17.24 

9 

43.7 

4180 

4580 

0.078 

0,093 

633,000 

C. 4 

s. 

16 EP 

14.88 

14 

36.2 

4880 

5278 

0.099 

0.140 

590,000 

C. 4 

s. 

16 EPM 

16.44 

12 

43.3 

4880 

5480 

0.1(X3 

0.139 

565,800 

C. 4 

s. 

17 EP 

11.58 

12 

32.4 

5280 

5360 

0.100 

0,124 

633,000 

C. 4 

s. 

17 EPM 

15.64 

11 

39,4 

4880 

5134 

0.138 

0.184 

425,000 

C. 4 

s. 

18 EP 

16.86 

13 

35.4 

5950 

5145 

0,101 

0.106 

714,000 

C. 4 

s. 

18 EPM 

16.76 

15 

41,9 

5145 

5510 

0.097 

0,127 

6^,000 

C. 4 

s. 

19 EP 

13.64 

11 

33.5 

6000 

6400 

0.113 

0,141 

637,500' 

C. 4 

s. 

19 EPtt 

16.18 

11 

43,0 

3950 

4060 

0.100 

0.150 

420,000 

C. 4 

s. 

20 EP 

17.24 

8 

36.4 

5480 

5940 

0.096 

0,1^ 

684,000 

c; 4 

s. 

20 EPM 

16.32 

8 

43.0 

4880 

5020 

o^m. 

0,109 

697,000 

C. 4 

s. 


NOTE; C.&C. signifies crushed and split. 


Compression Tests Perpendicular to Grain. — Specimais 6 by 6 by 50 in. were 
also cut from the original transverse spedmens to make compression tests perpendkular 
to grain. The data are tabulated on pages 467 to 470 mchidve. The load was a|:^lied to 
the convex side of the growth rings, throng a plate six wide as shown by photo- 
graph in Fig. 5. An initial load of 500 lb. was s^plied and deflectometer set at zero. 
The load was then applied and readings taken in incremoats of 2500 lb. until the de- 
flectometer registered 0.10 in. after which loads corre^nding to tk and in. deflections 
were recorded. The photograph Ffe. 6 ^ows characterise speamens after te^. 



XIT ^ A TDi-otiarvafinn 



Fig. S. — Compression Test Perpendicular to Grain, Specimen 
in Test Machine. 



Fe?. 6. — Characterfetic Faiure of Spedmens in Compression Test 
Perpendkufer to Grain. 
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rrSUITS Or COV^fv^SSTON TrST?, ? 70 C?: IH 

pox^D . i:.^?-Ti:cis?E 


Specinen 

Kunber 

Mcis- 

ttLre 

1 

Bins: 

per 

s Wt.re: 
edible 
foot 

' na 

Lstic Linit 

for 

deflect! 

■)n"of 

of 

?L il. 
rre 

ITT 
^ ^9 • 

fer Leliec- i/iU 
in. tior:,ir. in. 

5/15 

In, 

./ti 

in. 

1 E 

11.90 

7 

30.2 

778 

0.069 

517 

991 

1,112 

C 

1 BC 

l:-.ie 

7 

35.3 

640 

0.117 

600 

850 

939 

c 

2 B 

11.04 

8 

31.2 

730 

0.065 

799 

873 

1,003 

r i. s 

2 BC 

lo.G£ 

7 

45.8 

640 

0.070 

778 

959 

1,112 

c - s 

3 B 

13.34 

12 

SS.3 

850 

0.055 

887 

l,iX)9 

1,1'^ 

c 

3 PC 

U.oO 

13 

46.9 

913 

0.074 

1,000 

1,195 

1,362 

^ 5 

4 B 

14.00 

8 

35.1 

917 

C.C80 

983 

1,150 

l,3u} 

C 

4 EC 

18.40 

9 

^1.2 

1052 

0.075 

1,112 

1,278 

1,455 

C ! 5 

S 3 

13.56 

10 

31.2 

72G 

0.071 

785 

933 

1,010 

C 

2 BC 

17.76 

9 

34.6 

690 

0.069 

931 

1,013 

1,147 

c 

0 B 

14.08 

8 

33.6 

917 

0.072 

988 

1,150 

1,250 

c 

6 BC 

20.20 

8 

44.4 

918 

0.100 

913 

1,247 

. 1,370 

c 

7 B 

13.14 

9 

30.2 

786 

c.2';9 

020 

1,039 

1,350 

cos 

7 BC 

15.02 

9 

37.6 

640 

0.U8 

900 

959 

1,038 

c 

8 B 

12.34 

9 

38.4 

778 

0.087 

830 

1,103 

1,285 

c 

8 BC 

19.33 

6 

52.2 

o4C 

0,057 

773 

584 

1,223 

c 

9 B 

13.44 

9 

31.2 

710 

0.073 

779 

948 

1,(X)5 

c 

9 BC 

13.90 

10 

41.2 

778 

0.078 

913 

1,020 

} ,092 

c 

10 B 

13.10 

10 

o4.2 

778 

C.C92 

eic 

1,000 

1,180 

c 

10 BC 

15.60 

7 

CP.7 

'.40 

0.053 

843 

9P4 

1,063 

c 

11 B 

13.90 

lo 

35.5 

918 

0.063 

1,000 

1,175 

l,3o0 

c 

11 EM 

14.44 

14 

37.4 

918 

0.055 

1,195 

1,270 

l,3c7 

C 

12 B 

13.84 

7 

31.3 

718 

0.086 

795 

930 

1,007 

C 

12 BM 

12.60 

9 

35.6 

709 

0.077 

792 

056 

1,065 

c 

13 B 

12.63 

9 

37.0 

675 

0.066 

1,005 

1,145 

1,248 

C 0. s 

13 BU 

12.98 

12 

41.5 

1008 

0.060 

1,226 

1,400 

1,403 

C d: S 

14 B 

14.98 

7 

30.1 

640 

0.100 

640 

8G0 

1,003 

c 

14 BM 

14.86 

6 

33,3 

709 

0,078 

723 

779 

817 

c 

15 B 

14.14 

8 

32.6 

85G 

O.OGO 

990 

no 

1,305 

c 

15 m 

13.38 

8 

2a7 

778 

C.0G2 

B83 

1,000 

1,100 

c 

16 B 

lO.Bu 

8 

31.1 

640 

0.064 

765 

830 

1,003 

c & s 

lu BM 

15.24 

9 

45.8 

500 

0.060 

540 

816 

1,006 

c & s 

17 B 

15.20 

C 

34.2 

778 

O.OGl 

850 

1,001 

1,147 

c & s 

17 BM 

15,82 

C 

40.2 

709 

0.082 

800 

1,015 

1,115 

c & s 

le B 

lb. 40 

8 

30,5 

700 

0.070 

610 

.015 

1,007 

c 

18 BM 

14.88 

8 

33.5 

795 

0.065 

952 

1,068 

1,205 

c & s 

19 B 

15.30 

11 

31.4 

845 

0.099 

860 

1,325 

1,515 

c 

19 M 

14.90 

9 

35,0 

778 

0.062 

883 

1,000 

1,100 

c 

20 B 

11.26 

G 

31.8 

620 

0.067 

955 

1,006 

1,228 

c 

20 BM 

15.06 

6 

36.4 

848 

0.063 

975 

1,040 

1,173 

c 


NOTF; C signilies crushed, 
S si^^nifies split. 



468 


Wood Preservation 


RFSIILTS OF CCaCPRISSIOIi TESTS P^RPEr.TICUL/Jl 70 GRAIN 
FCXF D 


Mois- 

Steciaen ture 
timber f 

Fling a 
|)er 
in. 

i rt.nei 
cubic 
foot 

r Flf-stic Linit 

Loftr^ 

for 

, lb, per sq.in, 
deflection of 

. Type 
of 

EFT 

sq. 

per bellpc- I/IO 
in. tion,in. in. 

3716 

i 378 
in. 

Fail- 

ure 

1 BP 

13.22 

7 

33.2 

b85 

0.100 

685 

890 

1,005 

C 

1 EPC 

lb. 10 

5 

30.8 

778 

0.093 

350 

1,140 

1,318 

c & s 

2 BP 

It. .94 

8 

32-4 

640 

C.OnO 

778 

975 

1,130 

c 

2 FPC 

15, G2 

a 

37.5 

bOO 

C.lOl 

bOO 

S94 

1,000 

c 

3 BP 

14.04 

14 

33.0 

b4S 

0.076 

715 

099 

1,003 

c 

5 B?C 

14.72 

13 

36.4 

8:0 

0.072 

1,008 

1,040 

1,470 

c 

4 F? 

13-78 


32.3 

720 

0.096 

800 

930 

l,C»OS 

c 

4 Bk; 

15,9o 

G 

30. G 

830 

0.083 

915 

1,126 

1,252 

c 

5 P? 

14.04 

7 

32.3 

710 

0.092 

77C 

1,C03 

1,170 

c 

6 PPG 

15.00 

8 

38.4 

773 

0.075 

C50 

067 

1,105 

c 

6 F? 

13.94 

11 

33.5 

850 

0.090 

85.5 

1,003 

1,157 

c 

G BPC 

lb.l8 

13 

40.0 

350 

0.084 

92C 

1,002 

1,085 

c 

7 BP 

14-60 

0 

20.1 

700 

C.070 

018 

.1,001 

1,110 

c 

F BPC 

14.72 

10 

39. G 

500 

0.103 

500 

652 

848 

c 

:■ ?? 

11.44 

8 

31.9 

700 

C.080 

778 

740 

965 

c 

8 BPC 

15.30 

S 

30.7 

b41 

0.101 

641 

945 

1,014 

c 

9 BP 

11.60 

8 

S7jL 

580 

0.103 

580 

785 

970 

C (t s 

9 EPC 

lb.42 

10 

45,0 

57C 

0.100 

57C 

900 

1,033 

c 

10 B? 

12.00 

G 

34.^ 

1008 

0.066 

1,280 

1,400 

1,538 

c 

10 BPC 

15.70 

G 

40.3 

570 

0.100 

570 

'595 

846 

c & s 

11 BP 

13. G2 

8 

32.1 

795 

0.085 

8dG 

999 

1,200 

c 

11 BPtf 

15.88 

9 

35.3 

778 

0.065 

8^18 

942 

1,073 

c 

12 BP 

12.68 

9 

27.8 

b40 

0.090 

b85 

910 

1,141 

c 

12 BPM 

14.82 

8 

35.1 

709 

0.079 

830 

1,190 

1,310 

c 

13 BP 

14.52 

7 

31.8 

600 

0.150 

425 

715 

1,001 

c 

13 BUf 

14-94 

5 

38.1 

640 

0.094 

662 

863 

1,019 

c 

14 BP 

15.60 

6 

30.7 

640 

0.068 

705 

812 

935 

c 

14 BIM 

15.32 

S 

38.0 

500 

0.080 

570 

678 

850 

c 

15 BP 

11.62 

11 

33.2 

640 

0.071 

806 

948 

1,004 

c 

15 BPK 

15.24 

11 

41.5 

709 

0.066 

848 

1,012 

1,137 

c 

16 BP 

15.60 

9 

32.0 

848 

0.100 

848 

1,220 

1,450 

c * s 

16 BIW 

16.52 

8 

41.4 

848 

0.072 

986 

1,175 

1,296 

c 

17 BP 

13.52 

9 

32,2 

918 

0.070 

1,005 

1,248 

1,370 

c 

17 BPM 

12.90 

8 

38.9 

843 

0-100 

843 

1,023 

1,127 

c 

18 BP 

12.96 

9 

32.0 

640 

0.059 

755 

850 

1,002 

c & s 

18 BHC 

15.54 

8 

36.6 

709 

0.070 

778 

867 

1,006 

c 

19 B? 

14.00 

7 

33.0 

650 

0.120 

532 

776 

1,006 

c 

19 BiM 

16.06 

7 

41.6 

709 

0.088 

778 

1,070 

1,218 

c 

20 B? 

11.42 

6 

33.0 

840 

0.075 

918 

1,002 

1,1^ 

c 

20 Bar 

15.^ 

7 

38.2 

570 

0.100 

570 

915 

1,073 

c 


SOTEt C signifies crushed, 
S Signifies split. 



Wood Preservation 


m 


RESULTS OF COMPKESSIOi: ??£TS 


?>'. c^’ir 


Lofi^, lb, T] 


Mois- 
SpeciiHin tnre 
j?uaber % 

Pangs Wt.per 
per cnUc 
an. foot 

Elestic Limit 

lor upll&:*tior of 

0^ 

157 

SC!. 

per Dell sc- 
an. tioHjin. 

I7T0 

i... 

3716 

in. 

^76 

ir.. 

Fail- 

ure 

1 E 

13.60 

8 

35.5 

640 

0.069 

748 

880 

1,048 

C 4 S 

1 EC 

14.78 

11 

41.0 

640 

0.068 

791 

929 

1,180 

c 

2 1 

14.70 

7 

36.1 

712 

0.080 

800 

965 

1,165 

C <5: S 

2 EC 

15.34 

7 

55.3 

709 

0.083 

748 

1,090 

1,352 

c 

3 E 

15.14 

12 

34.3 

747 

0,104 

740 

842 

968 

C c s 

3 EC 

15.04 

11 

40.8 

640 

0.098 

640 

888 

^.8 

c 

4 E 

13.82 

12 

36.3 

787 

0.086 

850 

1,013 

1,138 

C i s 

4 EC 

19.94 

9 

42.7 

778 

0.086 

352 

1,005 

1,245 

c 

6 E 

10,08 

9 

26.0 

700 

0.100 

7CK) 

840 

982 

c ^ s 

5 EC 

16.34 

7 

42.6 

639 

0.086 

700 

835 

1,000 

c 

6 E 

15.76 

10 

33.0 

555 

0.103 

555 

723 

929 

e i s 

D EC 

17.58 

10 

48.2 

639 

0.137 

580 

710 

910 

C s 

7 E 

13.86 

7 

29,9 

654 

0.097 

654 

782 

917 

c 

7 EC 

15.16 

6 

43.4 

639 

0.114 

GOO 

805 

972 

c 

8E 

13.46 

10 

34.5 

569 

0.082 

621 

760 

896 

c 

8 EC 

16.08 

8 

39,4 

639 

0.082 

700 

882 

1,020 

c ^ s 

9 E 

11,18 

10 

35.6 

576 

0.086 

646 

747 

866 

c 

9 EC 

15.80 

9 

41.2 

639 

0.117 

600 

750 

850 

c 

10 E 

16.80 

11 

38.5 

778 

0.087 

838 

980 

1,318 

c 

10 EC 

16.82 

9 

49.4 

778 

0.082 

851 

1,022 

1,195 

c 

11 E 

15.34 

16 

38,7 

640 

0.081 

712 

804 

1,018 

c ^ s 

11 m 

14,56 

14 

42.7 

850 

0,100 

850 

I,0C2 

1,112 

c 

12 E 

13.54 

12 

33.6 

653 

0.084 

718 

912 

1,C^ 

c 

12 EH 

14.64 

8 

44.5 

670 

0.094 

500 

882 

1,009 

C 5 S 

13 E 

11.30 

7 

35,1 

,506 

0.065 

590 

634 

900 

c 

13 EH 

14,80 

8 

89.1 

‘500 

0.101 

500 

723 

803 

C 7 S 

14 E 

lb.52 

10 

44,1 

709 

0.088 

770 

910 

1,083 

c 

14 EM 

lb.24 

10 

49.9 

788 

0.099 

788 

1,100 

1,280 

c 

15 E 

13,06 

11 

36.5 

640 

0,084 

726 

960 

1,134 

c 

15 EH 

11.74 

9 

40.0 

bOO 

0.125 

500 

850 

1,000 

C 6 S 

16 E 

12,38 

15 

33.3 

786 

0.079 

8GC 

978 

1,108 

C .'c s 

lb EM 

12.36 

14 

37.3 

850 

0.071 

987 

1,15^ 

1,235 

c 

17 E 

10,90 

G 

33.4 

730 

0.070 

778 

872 

1,007 

c 

17 EM 

14.34 

7 

43.2 

b40 

0.103 

640 

850 

985 

c 

16 E 

8.80 

12 

30,2 

640 

0.062 

734 

895 

1,040 

c & s 

18 EM 

13,36 

10 

36.9 

b48 

0.102 

648 

894 

1,000 

CizS 

19 E 

11.84 

8 

32.1 

600 

0,060 

o77 

784 

922 

c 

19 m 

13.6C 

9 

39.8 

710 

0,086 

770 

945 

1,008 

c 

20 E 

14.88 

14 

36.7 

640 

0.068 

768 

868 

1,038 

c 

20 EM 

13.46 

13 

40.6 

690 

0.101 

690 

880 

1,003 

C S 


NOTZi C signifies crushed, 
3 signifies split. 
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I^ISULTS OF CCaiPRFSSIQII T'^STS PERr-PIyDICULi* R TO GRAIK 


Specimen 

Kumber 

llois- 

Pi^S Wt.per 

Elastic Limit 

Lord 

for 

, lb. per sq.in. 
deflection of 


. tvre 

7 

pep 

in. 

. cubic 

T oot 

157" 

scj. : 

□er bel'lec- 
in. t ion, in. 

TTro" 

■ 

3/ib 

in. 

•va 

in. 

‘ .Fail- 
ure 

1 ZP 

lo*Du 

10 

36.8 

604 

0.101 

604 

845 

1,120 

C 

1 z?c 

ic.r2 

Q 

51.1 

640 

0.083 

700 

972 

1,145 

C 

2 ZP 

13.40 

7 

29.2 

b.l 

0.C81 

738 

886 

1,001 

C d: S 

2 ZPC 

14.94 

6 

33,9 

b40 

0.095 

700 

876 

070 

c 

3 ZP 

13.52 

12 

36,1 

778 

O.ICO 

778 

958 

1,089 

C <?: S 

S ^PC 

15.60 

10 

4u.l 

778 

0.096 

834 

1,032 

1,200 

c 

4 ZP 

10.00 

12 

36.6 

730 

0.099 

730 

885 

1,109 

c 

4 ?PC 

17.u0 

9 

47.0 

859 

0.100 

889 

1,073 

1,190 

c 

5 ZP 

14.1o 

7 

37.6 

bC8 

0.103 

608 

340 

1,001 

c & s 

5 ZPC 

lb.56 

8 

48.6 

778 

0.101 

778 

973 

1,110 

c 

6 ZP 

14.43 

10 

30.4 

590 

0.100 

590 

790 

1,001 

c 

0 ^PC 

16.76 

13 

'lO .7 

640 

6.102 

640 

785 

967 

c 

7 ZP 

13.96 

15 

32.6 

625 

0.106 

600 

730 

920 

c 

7 ZPC 

15,70 

14 

40.8 

640 

0.101 

640 

806 

973 

c 

8 ZP 

13.3? 

Q 

37.8 

860 

0.100 

860 

995 

1,162 

C fi: S 

e ZPC 

17,88 

10 

49.3 

640 

0.100 

540 

924 

1,196 

c 

9 ZP 

13.7G 

13 

32.6 

730. 

0.103 

780 

930 

1,005 

c 

9 T^PC 

15. So 

9' 

41.3 

778- 

0.100 

778 

930 

1,047 

c 

20 ZP 

17,28 

T? 

37.4 

944 

0,105 

915 

1,006 

1,233 

c & s 

10 ZPC 

17.04 

ii 

45.4 

918 

0.102 

918 

1,100 

1,195 

c 

11 z? 

12.08 

13 

37.6 

BOO 

0.120 

660 

960 

989 

c & s 

11 ZP!^ 

Il.GO 

12 

53.7 

780 

0.120 

646 

9d8 

1,155 

c 

12 ZP 

11.58 

14 

55.0 

656 

0,102 

658 

793 

925 

c & s 

12 ZPM 

14.60 

14 

44.6 

709 

0.090 

71G 

1,098 

1,310 

c 

13 ZP 

14.26 

11 

34.4 

o50 

0.1C2 

650 

823 

982 

c 

13 ?m 

16.63 

10 

44.1 

778 

0.100 

778 

1,013 

1,138 

c 

14 ZP 

15.52 

12 

30.7 

600 

0,138 

509 

709 

806 

c 

14 ZPif 

16.02 

13 

41.2 

658 

0.100 

658 

930 

1,008 

c 

15 EP 

14,13 

10 

34.2 

530 

0.101 

530 

• 680 

822 

c & s 

15 ZPM 

17.24 

9 

43.7 

500 

0.100 

500 

671 

823 

c 

16 ZP 

•14.38 

14 

36.2 

725 

0.101 

725 

858 

1,001 

c 

lo Ffy 

16.44 

12 

43.3 

570 

0.098 

570 

792 

869 

c & s 

17 ZP 

11 ,58 

12 

32.4 

716 

0.090 

753 

900 

1,040 

c 

17 EPM 

15.64 

11 

39.4 

700 

0.116 

641 

923 

1,050 

c 

18 EP 

lb.86 

13 

35.4 

536 

0.102 

536 

690 

848' 

c 

18 EPM 

lb.7G 

15 

41.9 

600 

0.125 

525 

644 

760 

c 

19 EP 

13.64 

11 

33.5 

720 

0.104 

710 

856 

1,022 

c 

19 EPM 

16.18 

11 

43.0 

695 

0.100 

695 

893 

1,002 

c 

20 EP 

17.24 

8 

36.4 

706 

0.100 

706 

9b7 

1,160 

c- 

20 EPM 

16.32 

8 

43.0 

588 

0.100 

588 

876 

1,010 

c & s 

JJOTF: C 

signifies crushed. 








S signifies £T?lit, 
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Sm{l<j\RY OF COl-fPKESSIOy TESTS: 


Specimen 


Parallel to grain 
Pounds per Per cent 

sq . in. change 

iiias- Modulus Eias- Modulus 
of tic of 
limit rupture liadt rupttge 


Perpendicular to grain 
Lb. per 
sq. in. 

elastic Per cent cliar^c 
liait Elastic liait 


Effect of Treatment 


1-10 B 

5735 

6112 



796 


1-10 BC 

6366 

5701 

-6.46 

-6.72 

775 

-2.64 

11-20 B 

6010 

5567 



779 


11-20 EM 

5214 

5536 

+4.07 

-0.56 

775 

-0.51 

1-10 BP 

5242 

5572 



733 


1-10 BPC 

5062 

5405 

-3.43 

-2.96 

699 

-4.64 

11-20 BP 

5164 

5422 



721 


11-20 BPM 4972 

5269 

-3.72 

-2.82 

701 

-2.77 

1-10 E 

5602 

5953 



672 


1-10 EC 

5205 

5534 

-7.10 

-6.^ 

674 

+0.30 

11-20 E 

6375 

6723 



654 


11-20 EM 

6625 

5837 

-13.34 . 

-13.15 

684 

+4.59 

1-10 EP 

5679 

5873 



718 


1-10 EPC 4727 

5532 

-16.75 

-5.82 

734 

+2,20 

11-20 EP 

6504 

5656 



664 


11-20 EPM 4727 

5067 

-14.11 ■ 

-10.59 

658 

—0.90 


Effect of Incisions 

on Untreated Speciiaens 


1-20 B 

5372 

5839 



778 


1-20 BP 

5203 

5497 

-3,15 

-5.86 

727 

-6.56 

1-20 E 

5988 

6388 



663 


1-20 EP 

5591 

5764 

-6.63 

-9.77 

691 

+4.22 


Effect of Incisions on Treated Specimens 


1-10 

BC 

5365 

6701 



775 


1-10 

BPC 

5062 

5406 

-5.65 

-5.19 

699 

-9.78 

11-20 

BM 

5214 

5536 



775 


11-20 

BFM 

4972 

5269 

-4.64 

-4,83 

701 

-8.55 

1-10 

EC 

5205 

5534 



674 


1-10 

EPC 

4727 

5532- 

-9.20 

-0.04 

734 

+8.90 

11-20 

EM 

5525 

5837 



684 


11-20 

EHT 

4727 

5075 

-14.44 

-13.29 

658 

-3,86 


f 



472 


Wood Preservat ion 


Moisture.^ — Samples for determining the percentage of moisture were taken by 
boring nine holes evenly distributed over a newly sawed section of the original specimen. 
In the case of the creosoted specimen the samples were taken from inside the area of 
penetration except in a few cases where it was impossible to do so. These samples w^ere 
put in an electric oven and heated until aU moisture was evaporated thus determining 
the percent of moisture by weight. Moisture percentages are given ne.xt the specimen 
number in the tabulation of data. 

Phenomena Observed during Transverse Test. — In most cases failure did not 
occur until after the elastic limit was reached. Most of the failures were from horizon- 
tal shear. After the shear failure, the load dropped and built up again, the specimen 
acting as two beams one on top of the other. In case of tension failure, the specimen 
failed suddenly by tension in the lower fibre. Checks seemed to be the most controlling 
factor of the strength of the stringers. Checking was more noticeable in the boxed heart 
specimens than in the side-cut. 

Summary oe Results. — ^The results of the tests are summarized in the tables on 
pages 460 and 471 showing the effects of treatment and incisions on both side-cut and 
boxed heart specimens. The plus and minus signs in the last two columns under effect 
of treatment, indicate a gain or loss of strength of the treated specimens over correspond- 
ing untreated specimens. The effect of the incisions on both untreated and treated 
specimens is last shown, but the comparison in this case is not the same pieces of original 
30-foot stringers. In the summary of the transverse tests, there is also shown a com- 
parison of the side-cut to boxed heart in bending. The averages of all specimens tested 
could be briefly tabulated as follows: 

Comparison at Elastic Limit Cent 

Compression 




Parallel 

Perpendicular 

Decrease in strength: 

Transverse 

to grain 

to grain 

Due to treatment 

Due to incisions: 

1.0 

7.5 

0.5 

Untreated specimens 

. . . 10.S 

5.0 

I.O 

Treated specimens 

7.5 

9.0 

4.0 

Increase in strength, side-cut over boxed heart: 




Untreated: 




Non-incised 

8.0 



Incised 

3.5 



Treated: 




Non-incised 

6.5 



Incised 

5.0 




Discussion. — Due to variations in grain structure and the variations of defects in 
structural sizes of timbers, a noticeable difference at failure 'will exist in different 
^>ecimens. 

The modulus of rupture in bending is low in most cases since it is not the ultimate 
bending stress but is the stress at which horizontal shear occurred. The checks in the 
stringers were an important factor in causing horizontal shear failures. 

The modulus of elasticity is lower in the case of the incised specimens than the non- 
incised. This difference, in general, is not very great. It will be noted on pages 458 and 459 
induce that in some instances the difference is quite great. Should two or more string- 
ers be placed side by side, the one with the greater modulus of elasticity would neces- 
sarily have to carry more than its diare of the load. This would account for a stringer 
faSfeire even though according to computation it had not reached its ultimate stress. 
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Conclusions 

In the following the comparisons are made at the elastic limit: 

1. Treatment decreased the bending stress and compr^sion perpendicular to grain 
a negligible amount. Compression parallel to grain was decreased about 73^ per cent. 

2. Incisions decreased the strength of untreated specimens lOJ^ per cent in bending, 
5 per cent in compression parallel to grain and 1 per cent perpendicukr to grain. 

3. Incisions decreased the strength of treated specimens 7^ per cent in bending, 
8 per cent in compression parallel to grain and 4 per cent in compression perpendicular to 
grain. 

4. In the untreated specimens the side-cut was 8 per cent stronger than the boxed 
heart when not incised and 334 per cent stronger when incised. 

5. In the treated specimens, the ade-cut was 534 per cent stronger than the boxed 
heart when not incised and 5 per cent when incised. 

While the foregoing tests do indicate a reduction in strength of the timber called 
by incising, nevertheless this loss in strength is so small as compared with the exce^ 
strength which is provided in all modem bridge design, it is our conclusion that the 
reduction in strength may be practically disregarded. On the other hand, refills 

in a decided improvement in quality of treatment as explained earlier in this report. 
Your Committee, therefore, recommends that Douglas fir ties and all lumber more than 
2 in. in thickness be incised 4 sides, the incisor teeth to be not more than ^ in. thkk 
and the pattern for the placing of the incisions similar to that ^own by Fig. 1. Inci- 
sions ^ in. in depth are recommended for all sawed Douglas fir 6 in. thick or over, and 
the incisions ^ in. in depth in the sides and ^ in. deep in the edges, of all sawed fir 
less than 6 in. thick and more than 2 in. in thickness. Ind^g of material fess than 
2 in, in thickness is not recommended. 

TREATMENT 

During the past year or more the Committee have been carrying on test treatments 
in an experimental treating plant, along the lines of the treatment of air-seasoned Douglas 
fir now being used. Approximately one hundred fifty test treatmoits were made, the 
object of the experiments being to manipulate the temperatmeSf pres^wative pressures, 
time of holding preservative pressure, amount and duration of air pressure, etc. so as to 
secure the deepest and most uniform penetration of preservative m air-seasoned fir with- 
out physical damage to the wood. Without takfi^ s|)ace in th% rqxjrt for the large 
amount of data accumulated, general concluriois readied n^y be slated as fc^ws: 

1. There is a wide varktkm in the wood strmlure of imfividiml pic<^ of Douglas 

fir, and there will, therefore, be considerabfe varktion m tl^ absorf^cm and penetration 
of preservative in individual pieces in any charge treated. varMon in pemtration 
and absorption will be minimum but wil ^ in tin^bers. In general, close- 

grain treats more readily than wide ring fir. 

2. One of the most important features in connectkm wMh successful treatment 

of air-seasoned fir is to get the right degree of seasoning. It is quite possible to over- 
season in most climates and reach a so-called '‘case-har<kned” condition. Wood in this 
condition requires more severe treatment to secure satkfactory penetration of pre- 
servative. The Committee is of the opinion that muter average condMions, fir seasoned 
to a moisture content of IS to 20 per cent in fee nmrgbml two inches of any crc^sectten 
K in satisfactory condition to treat. It is essential to establish tl^ s^soning period for 
each class of Douglas fir for any particular locality, of sitfBdent to bring about 

the above results. 
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3. High pressures, particularly when combined with high temperatures, are detri- 
mental to Douglas fir, and the wood structure may be seriously damaged, if safe limits 
are not observ^ed. The Committee has reached the conclusion that 100 lb. per sq. in. is 
a safe and satisfactory* maximum pressure to use in the treatment of air-seasoned fir, 
except in the treatments using initial air pressure, in which a maximum pressure 75 to 
100 Ib. greater than the initial air pressure, but in no case more than 175 lb. per sq. in., 
may be used. Likewise, a treating cylinder temperature of 200 deg. F. will not damage 
the timber when used with pressures given above. It is advisable to use treating cylinder 
temperatures between 100 deg. F. and 200 deg. F. to secure maximum penetration. The 
treating cylinder temperature may be increased to 220 deg. F. for a short period of time, 
as an “expansion bath”, w'hich may be used following the pressure period and in con- 
nection with the final vacuum. 

4. Various conditions, particularly conditions under which the timber is seasoned 
will affect the time required for the pressure period. The Committee feel, however, that 
it is good practice not to exceed a 12 hr. period at maximum pressure when treating 
sawed timbers and a 16 hr. pressure period when treating piling, poles and other round 
timbers. It is important, however, that Douglas fir should be treated to practical refusal 
at 100 lb. maximum pressure. 

5. When timber has been over-seasoned and in the condition known as “case- 
harckned”, or due to cold weather, it may be found advantageous to heat the timber by 
holding in the preservative without pressure at a temperature of as near 200 deg. F. 
as possible, for a period of not more than 6 hr. 

As a result of its study of the methods now used by those who have been treating 
air-seasoned Douglas fir for some years, plus such information as has been developed by 
the experimental work carried on during the past year or more, your Committee pre- 
sents as information, “Specifications for the Treatment of Air-Seasoned Douglas Fir”, 
■with the recommendation that they be referred to other interested committees for con- 
sideration and criticism, with a view to later presenting the revised specifications for 
incluaon in the Manual. 



Fig. 7. — Cross-sections from 6 X ll>-14-ft. Air-Seasoned Douglas 
Fir treated with Creosote by Lowry Process in experimental charge 
No. 81, Cross-sections 4-ft. 6 -in. from ends and are from the 
pieces in the charge taking the low, average, and high absorption 
of creosote. Thk charge was given a 4-hour wanning bath in 
creosote heated to 200® Fahr., then pressure built up to 100-lb. per 
SQ, in, in 30 min, and thk maximum Md 2 hours. Temperature 
©f creosote dnrii^ liressiire 200® Fahr. Final vacuum held 1 hour. 

Absorption of Creosote, lb. per cu. ft. of Timber, left to right, 
3.95, 8.06, 11.15. 
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Fig. 8.— Cross-sections from 6 X 10-14-ft. Air-Seasoned Douglas 
Fir treated with Creosote by Lowry Process in experimental charge 
No. 99. Cross-sections 4-ft. 6-in. from ends and are from the 
pieces in the charge taking the low, average, and high absorption 
of creosote. This charge was given a 4-hr. warming bath in 
creosote heated to 2CXI® Fahr., then pressure built up to 100-lb. per 
sq. in. in 30 min. and this maximum held 4 hours. Temperature 
of creosote during pressure 200° Fahr. Final vacuum held 1 hour. 

Absorption of Creosote, lb. per cu. ft. of Timber, left to right, 
7.72, 9.26, 13.21. 



Fig. 9. — Cross-sections from 6 X 10-1 6-ft. Air-Seasoned Douglas 
Fir treated with Creosote by Lowry Process in experimental charge 
No. 104. Cross-sections 5-ft. from ends and are from the pieces 
in the charge taking the low, average and high absorption of creo- 
sote. This charge was given a 4-hour warming bath in creosote 
heated to 200° Fahr., then pressure built up to 100-!b. per sq. in. 
in 30 min. and this maximum held 6 hours. Temperature of creo- 
sote during pressure 200° Fahr. Final vacuum held 1 hour. 

Absorption of Creosote, lb. per cu, ft. of Timber, kft to right, 
5.40, 8.40, 14.09. 
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Fig. 10. — Cross-sections from 6 X 10-1 6-ft. Air-Seasoned Douglas 
Fir treated with Creosote by Lowry Process in experimental charge 
No. 105. Cross-sections 5-ft. from ends and are from the pieces 
in the charge taking the low, average and high absorption of creo- 
sote. This charge was given a 4-hour warming bath in creosote 
heated to 200° Fahr., then pressure built up to 100-lb. per sq. in. 
in 50 min, and this maximum held 6 hours. Temperature of creo- 
sote during pressure 200° Fahr. Final vacuum held 1 hour. 

Absorption of Creosote, lb. per cu. ft. of Timber, left to. right, 
S.IO, 7.95, 11.69. 



Fm. 11. — Cross-sections from 6 X 10-16-ft. Air-Seasoned Douglas 
Fir treated with Creosote by Lowry Process in experimental diarge 
No. 109. Cross-sections 5-ft. from ends and are from the pieces in 
the^ charge taking the low, average, and high absorption of creosote. 
TMs charge was given a 4-hour warming bath in creosote heated to 
200® Fahr., then pressure built up to 100-lb. per sq. in. in 30 min, 
and the ma x imum hdd 8 hours. Temperature of creosote during 
pressure 200® Fahr. Final vacuum held 1 hour.. 

Absorption of Creosote, lb. per cu. ft. of Timber, left to right, 
6.75, 8.40, 11.09. 
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Fig. 12. — Cross-sections from 6 X 10-14-ft. Air-Seasoned Douglas 
Fir treated with Creosote by Lowry Process in experimental charge 
No. 96. Cross-sections 4-ft. 6-m. from ends and are from the 
pieces in the charge taking the low, average, and high absorption 
of creosote. This charge was given a 2-bour wanning bath in 
creosote heated to 200° Fahr., then pressure built up to 100-lb. per 
sq. in. in 30 min. and this maximum held 10 hours. Temperature 
of creosote during pressure 200° Fahr. Final vacuum held 1 hour. 

Absorption of Creosote, lb. per cu. ft. of Timber, left to right, 
6.52, 11.84, 15.27. 



Fig. 13. — Cross-sections from 6 X 10-16-ft. Air-Seasoned Douglas 
Fir Treated with Creosote by Lowry Process in experimental diarge 
No. 120. Cross-sections 5-ft. from ends and are from tl^ pieces in 
the charge taking the low, average, and high absorption of creosote. 
This charge was given a 4-hour wanning bath in creosote heated to 
200° Fahr., then pressure built up to 100-lb. per sq. in. in 30 nm. 
and thk maximum held 10 hours. Temperature of creosete during 
pressure 200° Fahr. Final vacuum held 1 hour. 

Absorption of Creosote lb. per cu. ft. of timber, left to right, 
4.95, 7.95, 1034. 
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SPECIFICATIONS FOR THE TREATMENT OF AIR SEASONED DOUGLAS FIR 
Material 

Material for treatment shall be in accordance with the specifications of this Asso- 
ciation. Special attention, however, is directed to the peeling and sapwood requirements 
of round timbers which have direct bearing on the quality of treatment which may be 
secured. 

Peeling and Sapwood Requirements of Round Timbers 

All round timbers shall be thoroughly peeled before treatment. No piece shall be 
considered thoroughly peeled unless all the rough bark and at least 80 per cent of the 
inner bark ^11 have been removed. In no case shall any piece of inner bark be over 
34 in. w’ide or over 8 in. long, and there shall be 1 in. of clean wood surface between 
any two such strips. Should the strips of inner bark remaining on tfie pole be less 
than ^ in. wide, the clear space required between any two such strips may be propor- 
tionally less than 1 in. No circumference may have more than 20 per cent of its sur- 
face covered with inner bark, although the entire surface of the pole may contain less 
than the allowable 20 per cent. 

Pfling and poles shall have sapwood of a minimum thickness of 1 in. at the butt end. 
Seasoning 

Douglas fir shall be air seasoned under conditions in accordance with the recom- 
mended practice of this Association. Since the rate of seasoning varies with the latitude, 
time of year, the exposure, and the climatic peculiarities of the season, it is essential to 
establish the seasoning period for each class of Douglas fir for any particular locality. 
The seasoning period shall be of sufficient length to reduce the moisture content of the 
marginal two inches of any cross-section of round or sawed timbers to 20 per cent, or 
less, of its oven dry weight. In material less than 4 in. in thickness, entire cross-sections 
shall be considered. 

Adzing, Boring and Framing 

Insofar as practicable, all adzing, boring and framing of all kinds shall be done 
before treatment to minimize subsequent cutting through the treated shell and exposure 
of untreated wood. 

Incising 

All sawed Douglas fir shall be incised two sides and two edges, using incisor teeth 
not more than ^ in. thick. Incisions % in. in depth are recommended for all sawed 
fir six inches thick or over, and in. in depth in sides and ^ in. in the edges of all 
sawed fir less than 6 in. and more than 2 in. in thickness. Incising of material less than 
2 in. in thickness is rmt recommended. The pattern recommended for the placing of 
the incisions is shown by Fig. 1. 

Grouping for Treatment 

It is essential that Douglas fir be grouped properly in order that successful treat- 
ment may be obtained- Any charge ffiall be confined to pieces of approximately equal 
sapwood and mofeture content, into which approximately equal quantities of preservative 
can be inie<±ecl, and so separated as to insure contact of preservative with all surfaces. 



Wood Preservation 


479 


Treatment 

General 

The ranges of pressure, temperature, and time duration shall be controlled so as to 
r^ult in maximum penetration by the quantity of preservative iniected, which shall 
permeate all the sap wood, and as much of the heartwood as practicable. The vacuum 
requirements stipulated are those of sea level and necessary corrections shall be made 
for altitude. 

Retention of Preservative 

No charge shall contain less than 90 per cent nor more than 120 per cent of the 
quantity of preservative that may be specified; but the average retention of the pre- 
servative by the material treated under any contract or order shall be at least 100 per 
cent of the quantity specified. 

The amount of preservative retained shall be calculated on the basis of preservative 
at 100 ° Fahr., from readings of working tank gages, or scales, or from weights before 
and after treatment of loaded trams on suitable track scales, with a correction for dif- 
ference in moisture content, and checked as may be desired by the purchaser’s repre- 
sentative. 

Determination of Penetration 

Penetration shall be determined by sampling material in each charge, as may be 
desired by the purchaser’s representative. Any holes which may be bored shall 
filled with tight-fitting treated plugs. 

Plant Equipment 

Treating plants shall be equipped with the thermometers and gages necessary to 
indicate accurately and record the conditions at all stages of treatment, and all equip- 
ment shall be maintained in condition satisfactory to the purchaser. The apparatus and 
chemicals necessary for making analyses and tests required by the purchaser shall also 
be provided by plant operators and kept in condition for use at all times. 

Preservative 

The preservative used shall conform to one of the following standards of this 
Association: 

Creosote, classes one, two or three. 

Creosote- Coal Tar Solution. 

Zinc Chloride. 

Amount of Preservatives to be Used — Douglas Fir for General Construction 

(a) Creosote 

Full Cell Process, not less than 10 lb. per cu. ft. of timber or to refusal. 
Rueping Process, not less than 6 lb. per cu. ft. of timber. 

Lowry Process, not less than 6 lb. per cu. ft. of timber. 

(b) Zinc Chloride 

Not less than ^ lb, of dry salt per cu. ft. of timber. 

(c) Creosote-Zinc Chloride 

Not less than 2 lb. of creosote and lb. dry zinc chloride per cu. ft. of 
timber. 

Amount of Preservative to be Used — Douglas Fir for Use in Salt Water 
Creosote — ^Not less than 12 lb. per cu. ft. of timber. 

Other preservatives are not recommended for this class of service. 



480 


Wood Preservatio n 


Treaung Operations 

Ties, Structural Timbers and Lumber of All Sizes 
Creosote Treatments 

Heating 

Preliminary to the pressure period, it may be found advantageous to heat the air- 
seasoned timber. When this is the case, the treating cylinder may be filled with the 
preservative heated to a temperature of 180° F. to 200° F. and held to as nearfy 
200® F. as possible for not more than 6 hr. 

Full Cell Process 

Following the heating period, or as the first stage of the treatment, if no heating 
period used, a vacuum of not less than 22 in. shall be speedily created and maintained 
for a period of not less than 30 min. so that the timber may be as free from air as 
practicable. Without breaking the vacuum, the treating cylinder shall be filled with 
preservative heated to a temperature of 180° F. to 200° F. The pressure shall 
then be gradually raised to a maximum of 100 lb. per square inch over a period of not 
less than 30 min , nor more than 1 hr. and 30 min., and maintained until the quantity of 
preservative required to insure the final retention stipulated is injected into the wood, 
or failing this, until the purchaser’s representative is satisfied that the largest volumetric 
injection that is practicable has been obtained. In no case, however, shall the period of 
maximum pressure exceed 12 hr. The temperature of the preservative during the pres- 
sure period shall not be less than 180° F. nor more than 200° F. and shall average 
at least 190° F. 

After pressure is completed, the cylinder shall be emptied speedily of preservative 
and a vacuum of at least 22 in. promptly created and maintained until the timber can 
be removed from the cylinder free of dripping preservative. 

Rueping Process 

Following the heating period, or as the first stage of the treatment, if no heating 
period is used, the timber shall be subjected to air pressure of sufficient intensity and 
duration to provide, under a vacuum, the ejection of surplus preservative and to insure 
proper di^ribution and maximum penetration of the stipulated number of pounds of 
preservative per cubic foot of wood. 

The preservative shall be introduced between 180° F. and 200° F., the pres- 
sure being maintained constant until the cylinder is filled with preservative. The pres- 
sure shall then be gradually raised over a period of not less than 30 min. nor more than 
1 hr. and 30 min. to a minimum of 125 lb. per square inch and maintained within a 
maximum of 175 lb. per square inch, but in no case shall exceed 100 lb. more than the 
air pressure used, until there is obtained the largest practicable volumetric injection that 
can be reduced to the required retention by a quick high vacuum, or, f ailin g this, until 
the purchaser’s representative is satisfied that the largest volumetric injection that ^ 
practicable has been obtained. In no case, however, shall the period of maximum pres- 
sure exceed 12 hr. The temperature of the preservative during the pressure period shall 
be not less than 180° F., nor more than 200° F., and shall average at least 
190° F. 

After pressure is completed, the cylinder shall be emptied speedily of preservative 
and a vacuum of at kast 22 in. promptly created and maintained until the tim ber can 
be reiMyved from the cylinder free of drij^fung preservative. As an alternative, both 
add^fonal heat and vacuum may be ^i^hed as follows- After pressure is completed and 
bef(^ removal of preservative from the cyiinder, the preservative surrounding the timber 
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may be heated to a maximum of 220® F., the steam to be turned off the heating coiis 
immediately the maximum temperature is reached. The preservative then be re- 
moved from the cylinder and a vacuum applied as specified above. 

Lowry Process 

Following the heating period, or as the first stage of the treatment, if no heating 
period is used, the treating cylinder shall be filled with the preservative, heated to a 
temperature of 180° F. to 200° F. Pressure shall then 1^ gradually raBed to a 
maximum oi 100 lb. per square inch over a period of not less than 30 min. nor more 
than 1 hr. and 30 min. and maintained until there is obtained the largest volunaetric 
injectmn practicable that can be reduced to the required retention by quick high vacuum, 
or, failing this, until the purchaser’s representative is satisfied that the largest volumetric 
injection that is practicable has been obtained. In no case, however, diall the period 
of maximum pressure exceed 12 hr. The temperature of the preservative during the 
pressure period shall not be less than 180° F. nor more than 200° F. and ^lall 
average at least 190° F. 

After pressure is completed, the cylinder shall be emptied speedily of preservative 
and a vacuum of at least 22 in. promptly created and maintained for not less than 30 
min. until the quantity of preservative injected is reduced to the required retention and 
the timber can be removed from the cylinder free of dripping preservative. As an alter- 
native, both additional heat and vacuum may be applied as follows. After pressure is 
completed, and before removal of preservative from the cylinder, the preservative sur- 
rounding the timber may be heated to a maximum of 220° F., the steam to be turned 
off the heating coils immediately the maximum temperature is reached. The preserva- 
tive shall then be removed from the cylinder and a vacuum applied as ^)ecified above. 

Zinc Cbxoride Treatment 

The treating solution shall be no stronger than necessary to obtain the required 
retention of preservative with the largest volumetric absorption practicable and shall be 
thoroughly mixed before use. 

The timber shall first be subjected to a vacuum of not less than 22 in. for at least 
30 min. before the preservative is admitted to the cylinder. The preservative shall be 
introduced between 180° F. and 200° F., without breaking the vacuum until the 
cylinder is filled. The pressure shall then be gradually raised to a ma:*mum of 100 lb. 
per square inch over a period of not less than 30 min. nor more than 1 hr. and 30 min. 
and maintained until the quantity of preservative required to insure the final retention 
stipulated is injected into the wood, or until less than 2 i)er cent of the total quantity 
required has been injected during the latter half of one hour throughout which the rate 
of injection has p>ersistently decreased while the pressure has been held continuoudy at 
the maximum. In no case, however, shall the period of maximum pressure exceed 12 
hr. The temperature of the preservative during the pressure period shall not he less 
than 180° F. nor more than 200° F. and shal average at lea^ 190° F. 

After the pressure is completed, the cylinder shaB be speedily emptied of pr^erva- 
tive and a vacuum promptly created and maintained untO the timber can be removed 
from the cylinder free of dripping preservative. 

Creosote-Zinc Chloride Treatment 

The preservative mixture be composed of the volumetric proportions of creo- 
sote and zinc chloride solution of the necessary strength required to obtain the stipuJbted 
retention with the largest volumetric injection that is practicable, and shall be agitated 
in the working tank and treating cylinder so as to maire thoroi^h mixing before and 
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while the cylinder is being filled with preservative and while the preservative is being 
injected into the timber. 

The timber ghall first be subjected to a vacuum of not less than 22 in. for at lea^ 
30 min. before the preservative is admitted to the cylinder. 

The treating cylinder shall be filled with the mixture of preservatives heated to a 
temperature of 180° F. to 200° F. without breaking the vacuum. The pressure 
RhaTT then be raised to a maximum of 100 lb. per square inch over a period of not les 
than 30 min. nor more than 1 hr. and 30 min. and maintained until the quantity of 
preservative required to insure the final retention stipulated is injected into the wood, 
or until less than 2 per cent of the total quantity required has been injected during 
the latter half of one hour throughout which the rate of injection has persistently de- 
creased, while the pressure has been held continuously at the maximum. In no case, 
however, shall the period of maximum pressure exceed 12 hr. The temperature of the 
preservative during the pressure period shall not be less than 180® F. nor more than 
200 ° F. and shall average at least 190° F. 

After pressure is completed, the cylinder shall be emptied speedily of preservative 
and a vacuum promptly created and maintained until the timber can be removed from 
the cylinder free of dripping preservative. 

Treating Operations 
Piles and Poles 

Specifications for treating operations covering piles and poles are the same as those 
covering ties, structural timber and lumber, except that the period of maximum pressure 
of preservative in all treatments may be held to a limit of 16 hr. instead of 12 hr. as 
in the treatments of sawed timber. 

Conclusion 

It is recommended that this report be accepted as information. 


Appendix E 

(5) DESTRUCTION BY TERMITE AND POSSIBLE WAYS 
OF PREVENTION 

Dr. Hermann von Schrenk, Chairman, Sub-Committee; W. G. Atwood, C. C. Cook, 
L. H. Harper, F. D. Mattos, L. B. Shipley, W. A. Summerhays, C. M. Taylor, 
G. R. Hopkins, 

During the past year, the Committee has continued its investigation reference termite 
activities and termite control and it presents the following report with the recommenda- 
tion that it be received as information and the subject continued. 

Termite activities have been reported in apparently increasing numbers from all 
over the United States, with the possible exception of several of the North Central 
States. Whe^er the increased number of cases noted is due to the increasing activities 
of these insects or whether it is to be ascribed to greater familiarity with the results of 
their attack, it is difficult to state. The number of cases reported, However, seem to 
warrant giving this matter increased attention, particularly in the construcion of build- 
ings. The Committee again to Wrongly recommend that the safeguards de- 

scribed in our earlier reports (Proceedings AJI.EA., Vol. 31, pages 741-748: 1930) be 
seriou^ cxmsidered wheaaever new buBdn^ are being constructed. This refers par- 
tkntefy to the use of cement mortar foir foimdation walls and above all, to the placing 
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of termite metal shields on top of the foundation walls or wherever concrete slabs 
come in contact with walls or other slabs. 

In the last year’s report of this Committee, a warning isaied by the Government 
was printed in full. This refers particularly to the necessity for being cautious about 
u^g so-called “soil poisons” because of the fact that so far as it was known, there 
was grave doubt as to whether these soil poisons would have any long-term efficiency 
in preventing termite attack. 

In order to determine the efficiency of soil poisons, a te^ was started by the 
Chairman of the Committee at Florissant, Missouri, in May, 1932. Pfeces of 2 X 4 
of wide-ringed southern pine were driven into the ground in a section of land where 
termite destruction had been very manifest during the past 8 or 10 y^rs. For each of 
the soil poisons to be tested, 5 posts were used; 4 of them treated "with the soil i>oison 
and one left untreated as a control. After the pieces had been driven into the ground 
leaving about 6 inches exposed above the ground, the soil poisons were applied to the 
soil around the posts in liquid form, with one or two exceptions. This application con- 
sisted in pouring the liquid into a shallow basin about one foot in diameter formed 
around the 2 X 4-. In the case of the solids, they were placed well below the ground 
level around the 2X4. Each post was then covered with a piece of heavy roofing felt 
to shelter each piece against rain and snow and reduce the probability of direct leach- 
ing. The following substances were used in this test: 

Magnesium fluosilicate 
Sodium fluosilicate 
Borax 

Sodium chloride 
Sodium arsenite 
Orthodichio rbenzene 
Paradichlorbenzene 
Solvent “75” (Hooker) 

Trichlorbenzene 

Alphachlomaphthalene 

Orthophenylphenol 

Dichlororthophenyl 

Sodium orthophenylphenate 

Sodium dichlorphenylphenate 

Betanaphthol 

Creosote 

Terminix 

Termiteol 

Anaconda Treater Paste 
Crankcase oil 
Lead Arsenate 
Water and Crankcase oil 

These posts have been left undisturbed ance their insertion. It is anticipated th^ 
will be pulled for examination sometime in June or July of 1933. A number of addi- 
tional t^ts were undertaken since the installation of these posts, to determiiK po^ble 
destruction of a number of th^ soil poisons, {>articulariy as to depth of penetration 
for a given quantity of the solution ais well as lateral penetration throng the soil. It 
is hoped to give some detailed results of these experin^nts in our next year’s report. 

NOTES ON THE WHARF BORER 

Engineers in the vicinity of New York City were puzzled this year to fiini borers 
in piling above the plane of high water and in no case in the submerged portion of 
piles. The piles appeared to be sound on the outside but gave a hoUow sound i^en 
struck and the inside was almost entirely destroyed by borers. Marine worms could 
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not have thi?; damage "which w^as due to the young of a winged beetle ^*the 

wharf borer*’ (Nacerda melanura Linn.)* 

This oedemerid beetle lays its small, kidney-shaped eggs in cracks and crevices of 
the piling; flying about it would be mistaken in general appearance for a firefly. 
About half an inch in length this slender elongate beetle has black tips to the wii^ 
covers- It flies in April and June at Washington, D. C., and in July on Puget Sound. 

Introduced from Europe this wood-boring insect is now cosmopolitan in its dis- 
tribution. In this country it has been found in Massachusetts (Boston and Woods 
Hole), Greater New York, New Jersey (Sea Isle City), Maryland (Baltimore), Vir- 
ginia (Norfolk), Georgia (Savannah), Florida, Louisiana (New Orleans), Alabama (Mag- 
azine Point), Michigan (Detro.t), New Mexico, California and Washington (Puget SouiMi). 



Photo No. 1. — ^Larvae of Wharf Borer 
(Times two) . 


The young larvae (Fig. !)• damage piling, wharves, bridges, telephone poles, con- 
duits, paving blocks, the woodwork of buildings, etc. Similar damage has been re- 
ported from the Bahamas, Denmark and New Zealand. Occasionally these borers have 
been found in creosoted wood and there is still some doubt as to whether the insect 
will attack thoroughly creosoted timber because the evidence is somewhat conflicting. 
One of the points which is not yet settled is whether this borer will attack sound wood; 
it is known that they will work from decayed wood into sound wood. 

The appearance of these borers was called to the attention of the Committee 
because of recent attacks in piling in New York City and Brooklyn. Two photographs 
herewith attached ^ow the general nature of destruction in two pine piles of the 
New York Dock Company, removed in February, 1932. The Committee presents this 
data with the suggestion that they would be gbd to be advised preferably with sam- 
fte, should attacks s i m i l ar to these be noted. The Committee is indebted to R. H. 
Mann for the photographs of damage and to Dr. T. E. Snyder of the Bureau of 
Entomology, Was hing ton, D. C., and Col. Wm. G. Atwood for the foregoing information. 

Appended herewith are notes compiled by Dr. Snyder from 1909 to 1932. 

Nacerda melanura, Linn. Family Oedemeridae “The Wharf Borer”. 

Demnark 

^ J. C. Niefeen (2^oological Museum, Copenhagen) states in reply to a letter of 
mqplEy that th& larvae occur m most Danish harbors in bulwarks, als o in sleepers in 
the free tra^ The jtoaber is treated with tar, creosote, zinc chloride, blue vitriol, 

mid c^ner metallic salts Imt attacked after bei^ in the water for some time, when 
me presfetVatSve has been wa^ied out. 
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Photo No. 3. — Bearing Pile from Pier No. 24, New York Dock ConnKiny showing 
destruction by Wharf Borer in decayed portion. 
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New Zealand 

Th. Brown — ^“Nacerda melanura Linn. — ^The Wharf Borer.” 10th Rept. New Zea- 
land D^t. i^r. 1902, pp. 460-2 (larva, pupa and adult figured in paving blocks and 
wharf timbers). 

Bahamas 

Leng and Mutchler — “A preliminary list of the Coleoptera of the West Indies is 
recorded to Jan. 1, 1914, Amer. Mus. Nat’l Hist. Bui. Vol. 33, New York, 1914 (p. 391- 
393, adult occurs). 

United States 

Baltimore, Md., Jan. 14, 1909 — ^Larvae medium to large found in yellow pine timber 
sheet piling, just at the mud line at an elevation of 4 feet below mean low water. 
Had penetrat^ wood to depth from 1 inch to 134 inches from surface. 

Nortolk, Va.— C. M. Kerr in April, 1930, reported damage by this borer to a 
creosoted conduit about 3 feet below the street level at the intersection of Granby |Lnd 
Tazewell Streets, about one block from the waterfront, but at times the spring tides 
accompanied by a northeast wind permits the water to seep through the ground at 
the level of the conduit. 

New Orleans, La., Feb. 1915 — Larvae in creosoted pine piling (wharf) longleaf 
pine, 16 lb. English creosote per cubic foot, piles attacked at ground line-point, reached 
by hi^ water in Mississippi 1912-13, not exposed since then; 25% piles attacked; 
piling been in place about 8 years. Piling was not in either salt or fresh water. 

Magazine Point, Ala., Feb. 1915 — ^Larvae in creosoted pine telephone pole (cylin- 
der pressure process, 12 lbs. per cu. ft.) been set 16 years, Fall, 1899 to Feb. 1915. 

Bloomington, Ga., (near Savannah) Oct, 1915 — ^Larvae in Southern white cedar 
telephone pole treated with 2 coats coal creosote — ^pole in ground 10 years. July, 1905 
to Oct. 1915. 

Dr. A. D. Hopkins has collected this species in driftwood along the seashore at 
Virginia Beach. H. E. Burke collected the adult at Des Moines, Washington on July 11, 
1909, among driftwood on the beach at Puget Sound. H. S. Barber found larvae 
in decaying white pine flooring (ground floor) in a house building in N. E. Washing- 
ton, D. C. E. A. Schwarz states that larvae occur in the wood at the bases of the 
telephone poles where dogs had urinated, also in the wood of fences similarly saturated. 
Wood wet with salt water or urine seems more liable to attack. Dr. A. E. Satterthwait 
reported finding adults at Sea Isle City, N. J. and more recently in buildings in the 
vicinity of St. Louis, Mo. (in May, 1930). 

Conclusion 

It is recommended that this report be accepted as information. 


Appendix F 

(6) METHODS OF PROTECTION OF TREATED MATERIALS 
IN THE FIELD 

L. J. Refeer, Chairman, Sub- Committee; R. S. Belcher, G. B. Campbell, H. R. Condon, 
C. C. Cook, G. E. Cornell, E, A. Craft, C. W. Greene, R. S. Hubley, W. R. Good- 
win, G. P. MacLaren, W. T. MacCart, J. H. Reeder, T. H. Strate, W. A. Summer- 
hays, C. M. Taylor. 

A perusal of the Manual indicates that the work assigned is partially covered by 
rules now incliukd in Manual as follows: 

Committee III — ^Tks, pages 130 to 132 inclusive. Bulletin 337, Supplement to Manual, 
page 10. 

Committee XII — Rules and Organization: Ties, pages 827, 828, Bridge Material, 
S«]|^)lemmt to Manual, Buletin 337, i^ges 82 and 83. 

Committee XVII— Wood Preservation, pages 1275 to 1277 inclusive. 
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Owing to conditions which have prevailed during the i:^st year, the work of the 
Sub- Committee has necessarily been conducted almost entirely by correspondence, and 
following rules are submitted as tentative report. 


GENERAL STATEMENT 

In treatment of ties and timber to prevent decay the life smrke to be obtained 
from proper treatment is largely dependent on adherence to definite ruks in handing, 
care, and efficient use. Necessary precautions should, therefore, be observed to obtain 
maximum life service. 

(1) Ties shipped from treating plant or storage yards must be loa<kd in accordance 
with M.C.B. Rules. To prevent loss or damage ties loaded in open top cars must be 
securely wired when necessary and stock or box cars shouM be seakd. 

(2) Care should be exercised when unloading creosoted ties to avokl fracture and 
exposing untreated wood. They should not be thrown down h^h emtoikments or on 
rails, rocks, and other creosoted timbers which may be ^lintered or fractured. They 
should not be removed from cars with ^arp pointed or edged tools. 

(3) Where necessary to store ties on right-of-way, treated ties should be piled in 
solid piles (as specified in Manual, pages 130 and 131) to retard evaporation of the pre- 
servative, and prevent checking or warpage, except ties treated with zinc chbride or 
other water borne salts. 

(4) Treated ties should not be stacked within fifty feet of overhead bridges, 
trestles, or buildings. They should be at least an equal distance from h%hway cro^r^ 
and further where possible to discourage loss by theft or interference with vkw of engine- 
men and drivers of highway vehicles. They should not be stacked under tekgraph, tek- 
phone, or signal wires, should conditions make such impractical, they should be stacked 
in ^all piles widely spaced as possible. 

(5) Creosoted ties may be used as soon as received but it is recommended that 
they be held in closely stacked piles at lea^ sixty days, durir^ which time the creosote 
becomes congealed or viscous which contributes to better gnking conditions. 

(6) Boring of ties results in increased penetration of the preservative surrounding 
spike area, and all adzed and bored ties must be spiked in the bored holes regardless of 
line end. 

(7) Adzed and bored ties must be used with weight of rail for whidi prepared and 
spikes must be driven in the bored holes and not in solid timber. Careless ^piking of 
bored ties will cause reduction of strength at or near ^ike holding area. 

(8) Ties split or cracked where bored will cause spike holding power to be greatly 
impaired. It is, therefore, desirable to vary from standard practice in portioning of 
spike by reversing position where possible to avoid spiking in crack. 

Use of plates with four spike slots with renewals or when regaging or rail r^y 
operations will facilitate use of most desirable location with tks having such defects. 

(9) The rail must be to gage with tie plates properly seated with firm and tn^ 
bearing, shoulders to fit snug and parallel with base of rail. To avoid mutilation of 
wood fibers, bearing face of tie or location of p^ate should be cloned of dirt, chat, or 
giavel, before placing plate in position, when holes in plates should be carefully alined 
with holes in ties before spiking. 

(10) In spiking bored ties it is important that spikes be started and driven verti- 
cally, square and snug against rail to obtain maximum spike hoM in timber. Car^e^ 
driving will result in mutilating fiber around spike hole, contributing to loose spik^ with 
accumulative moisture and infection in untreated wood at center of tie. 
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(11) At locations where it is frequently necessary to clean ashpans, ties should be 
provided with covers of sheet metal. This covering should rest on furring, providii^ 
clearance of not less than one inch to prevent charring of ties. 

(12) When making inspection of treated ties in track for renewals, they should 
not be tested or marked with pick or adze, or other sharp tools which may cut or punc- 
ture through to the untreated wood. 

(13) Ties which have not been inserted and have suffered splitting or warping 
ance treated or have such defects as to cause them to be of secondary quality ^ouH be 
used in sidings where more service may be obtained. 

(14) Excessive checked or split ties should not be used at joints which may give 
more service elsewhere. Care should be exercised that ties be of such dimension and 
quality to insure maximum strength and service at this location. 

(15) Ties when inserted should be firmly and fully tamped. When tamping ties 
in track the bed of neighboring ties should be disturbed as little as possible so that aH 
may be left firmly and evenly bedded which contributes to uniform distribution of load 
and reducing plate wear in ties to minimum. 

(16) Loose spikes indicate abnormal wear on walls of spike hole, contributing to 
easy access of water, thereby subjecting such area to decay. All such ^ikes should be 
withdrawn and creosoted tie plugs driven full length in hole and respiking into plug. 
Treated tie plugs should always be available as required to plug holes when re^iking 
of standard dimensions as specified pages 132 and 133 in Manual. 

(17) Treated ties bruised by derailments but still serviceable at location where 
damaged may be adzed to remove crushed fibers, such adzed surfaces to be protected 
by application of hot creosote oil. Ties damaged by derailment or on account of me- 
chanical wear to such extent as to be unserviceable at that location should be salvaged 
for use in less important trackage or for other uses such as fencing, bulkheading, etc., 
according to their value. 

(18) In removal of ties due to change of line, new switches, etc., they should be 
carefully. ing>ected by Roadmaster or Track Inspector, and those suitable for further 
servke retained for use in such tracks as may be warranted by their condition. 

(19) In relaying of rail and tie plates where adzing of ties is necessary due to 
wear, ties should be adzed to depth of rail cut or wear in straight line across face 
parallel with rail, the length adzed to be governed by size of tie plate used. Before 
adzing all spike holes should be full driven with creosoted plugs and newly adzed surfaces 
wen cleaned and given a thorough application of hot creosote. 

(20) In disposing of worthless ties by burning, they should be burned at a suffideirf; 
dktance to avoid scorching ties in track. They should not be burned near bridges, 
telegraph poles, newly creosoted ties, or other treated or combustible materials. 

Treated Switch Ties 

(1) The rules recommended for proper protection of cross-ties will also apply to 
switch ties. 

(2) Care ^ould be taken in ordering switch ties of proper length so that they 
may be placed in accordance with standard plan and prevent damage to treated wood 
by cutting back to lengths required. 

(3) They riiould be stami>ed on end to indicate length which will facilitate dis- 
tribution for insertion. 

(4) Swffch ti« located in switches subjected to excessive operation ^ould be of 

such qpalty to witlKtaricI the s^ere mechanical wear, especially turnouts in heavy 
swifechhf^ yard LFntreated hardwood recommended where such treated lengths 

require frequeni renewaL 
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Treated Signal Timber and Trunking 

(1) AH timber should be cut to length and framed prior to treatment because 
cutting the material after treatment shortens its life. If it is necessary to cut any treated 
timber, it should be given at least two coats of hot creosote. 

(2) Tru nk i n g and capping treated with creosote or other preservative ^ould be 
stored imder cover whenever practicable to prevent damage by splitting, excessive check- 
ing, or warping. If unable to store under cover, it should be close piled and covered 
with soil to retard evaporation of preservative and warpage of material at top of pile. 

Treated Telegraph Poles 

(1) To obtain maximum life service it is necessary to avoki gaining and boring of 
poles after treatment. They should be gained for cross arms, roofed, if ^>ecified, and 
all necessary holes bored prior to treatment as indicated by standard plan. All gains 
should be cut accurately and parallel so that cross arms will be in vertkal aBnement, 
thus eliminating any necessity of having to regain or bore into the treated wood. 

(2) After treatment poles should be carefully handled so that treatment is not 
punctured by grab hooks or fractured by impact. When possible, poles ^ould be un- 
loaded by crane or derrick. 

(3) All poles should have treatment of sufficient depth so that lineman’s climbs 
will not penetrate through the treated wood which may cause infection and decay. 

(4) Poles in service should have grass and weeds cleared over sufficient area to 
prevent burning or damage by excessive heat which would cause creosote to exude from 
pole when overheated. 

(5) If necessary that any poles be framed or bored in the field, aH newly framed 
or bored surfaces should be protected with application of hot creosote. 

Conclusion 

It is recommended that this report be accepted as information. 


Appendix G 

(7) DEVELOP SUITABLE TABLES OF FACTORS OF EXPANSION 
FOR COAL-TAR, PETROLEUM, CREOSOTE COAL-TAR SOLU- 
TION AND CREOSOTE PETROLEUM MIXTURES FOR SUCH 
RANGES OF TEMPERATURE AS ARE OF INTEREST TO THE 
USERS OF TREATED TIMBER 

E. B. Fulks, Chairman, Sub-Committee; L. H. Harper, H. E. Horrocks, M. F. Jaeger, 
F. D. Mattos, O. C. Stdnmayer, L. B. Shipley. 

Your Committee now reports that the Bureau of Standards and the cooperating 
committees have completed tables for making temperature corrections of vohiM and 
specific gravity for creosote, creosote coal-tar solution and coal tar. Th^e tabfes have 
been approved for use by the American Society for Testing Materials and the American 
Wood Preservers’ Association and have been presented by the Sub-Committee on Revi- 
sion of Manual for adoption by the American Railway Engineering Assocktion as noted 
in Appendix A. 

Conclusion 

The Committee feeb that as it has carried out work prescribed for it that this report 
^ouM be accepted and the subject discontinued. 
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Committee. 

To the American Railway 

Engineering Association: 



Your Committee respectfully presents reports on the subjects ass%ned, as follows: 


(1) Revision of Manual (Appendix A). 

(1-A) Specifications for soft steel track spikes (Appendix B). 

(2) String lining of curves by the chord method, and preparation of tables suitabk; 
for the use of trackmen (Appendix C). 

(3) Plans and specifications for track tools, collaborating with Committees I — 
Roadway, II — ^Ballast, and XXII — ^Economics of Railway Labor (Ai^)endix D). 

(4) Plans for switches, frogs, crossings, slip switches, etc., (Ap^ndix E). 

(5) Track construction in paved streets, collaborating with Committee IX — Grade 
Crossings (Appendix F). 

(6) Corrosion of rail and fastenings in tunnels, collaborating with Committee IV— 
Rail (Apjoendix G). 

(7) Gage of track and elevation of curves with reference to the use of rolfer bear- 
ings on railway equipment, collaborating with the Mechanical Diviaon of the A.R.A., 
(Appendix H). 

(S) Effect of existing materiafe in track on the (ks%n of tie plat« and punching 
thereof, together with the interrelation of ^ottii^ of bars and size of track spikes, 
collaborating with 'Committee IV — Rail (Appendix I). 

(9) Practicability of usii^ “Refiex*’ units for switch lamps and targets, collaborat- 
ing with Committee X — Sigmls and Interlocking (Ai^fjendix J). 

(10) Selective welding up at joints, instead of weldh^ out of face (AppefB^x K). 

(11) Desirabki tj ghtne fy; of track, joints and effect upon tl^ life of raife ami 
of overtight joints; of loose joints (Appendix L). 

(12) Reclamation of serviceable materials from scrap and retired maintenance of 
way and structure machines, tools and appBances, collaborating with Div^ion VI — Pur- 
diases and Stores, A.RA. (Appendix M). 

(13) Standard wheel flanges, treads and ^ges, coSaboratii^ with the Mechanical 
Division of the A.R.A. and the Association of Manufacturers of Chilted Car Wheefe 
(Appendix N). 

(14) Damage from brine drippings, collaborating with the Mechanical Dhrfeion of 
the A.R.A. (Appendix O). 


Buifetk 352, I)€cemt>er, 1932. 
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Action Recommended 

(1) That revisions recommended in Appendix A be approved for publication in the 
Manual. 

(2) That Plan No. 11 in Appendix D be adopted as recommended practice and 
published in the Manual, replacing Plan No. 11, dated September, 1929, adopted in 1930. 

(3) That Plan No. 600- A in Appendix E be adopted as recommended practice and 
published in the Manual, and that the recommendation in Appendix E for the drilling 
and finishing of bolt holes in switch points made of rolled manganese steel rails be 
received as information. 

(4) That Plan No. 790 in Appendix N be adopted as recommended practice and 
published in the Manual. 

(5) That Plans Nos. 987 and 988 in Appendix F be adopted as recommended prac- 
tice and published in the Manual. 

(6) ‘ That the report in Appendix C be received as information. 

(7) That the report in Appendix H be received as information. 

(8) That the report in Appendix J be received as information. 

(9) That the report in Appendix K be received as information. 

(10) That the report in Appendix O be received as information. 

(11) That progress reports in Appendices B (Item 1-A), G, I, L and M, be received 
as information. 

Respectfully submitted, 

The Committee on Track, 

C. R. Harding, Chairman, 


Appendix A 

(1) REVISION OF MANUAL 

C. R. Harding, Chairman, Sub-Committee; C. J. Geyer. 

The Committee recommends the revision of the Index and Index Supplement to the 
AJREA. Trackwork Plans and Specifications, pages 1, 2, 3 and 4 dated 1932 by the 
substitution of a revised Index and Index Supplement dated 1933, pages 1, 2, 3, 4, 5 and 
6, listing existent plans and specifications and including the new plans presented here- 
with. 

Pages 4, 5 and 6 (the Index Supplement) describe revisions to the plans which arc 
identified on Index pages 1, 2 and 3 by the letter ‘‘x” following the serial number. 

The revisions of the Index Supplement consist of the following additions: 

Notes for plans of frogs, crossings and guard rails to make said plans consistent with 
Plan No. 790, which is now being offered for recommended practice in Appendix (N) 
and shows a standard width of flangeway of Plan No. 790 also makes necessary 

a revfemn of paragraph 33 of Appendix (B) and of the definition “Flangeway Width” in 
Appendix (C) of the AJR.JEA. Specifications for Switches, Frogs, Crossings and Guard 
Rafis. 

Nt^es for plans of manganese steel frogs, railbound, solid and self-guarded, for lay- 

out flangeways wider th^tn 

Notes for other plans to make them con^tent with recently adopted plans and to 
make minor a^rectioiis. 
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Attention is also called to revision in length of tongx^ swhcfaes for jmvcd streets, as 
specified in revised index supplement in reference to Pkns 980 and 982. 

The Committee also recommends that Plan No. 11 — Claw Bar, adoj^ed by the 
Association in 1930, be withdrawn from the Manual and that Plan No. 1 1, dated Septem- 
ber 1932, be substituted therefor. The new pkn does not change the Claw Bar now 
appearing in the Manual, but does show an alternate in addition to the approved des%n. 


Appendix B 

(1-A) SPECIFICATIONS FOR SOFT STEEL TRACK SPIKES 

E. D. Swift, Chairman, Sub-Committee; R. W. E. Bowler, J. E. Deckert, C. J. Gcyer, 
C. R. Harding, F. J. Jerome, J, de N. Macomb, J. V. Neubert, G. L. Sitton, G. L. G. 
Smith. 

The Committee reports progress. Information on thk subject b not devck^jed suffi- 
ciently to warrant a report thb year, and it b recommenckd that the subject be con- 
tinued. 


Appendix C 

(2) STRING LINING OF CURVES BY THE CHORD METHOD AND 
PREPARATION OF TABLES SUITABLE FOR THE USE OF 
TRACKMEN 

C. W. Breed, Chairman, Sub-Committee; W. H. Bettb, L. H. Bond, C. J. Geyer, F. S. 
Hales, C. R. Harding, J, E. Hogan, E. T. Howson, C. M. MeVay, C. R, Strattman, 
T. P. Warren. 

The Committee submits the following report as information, and k b reemnmaaded 
that the subject be continued. 


STRING LINING OF CURVES BY THE CHORD METHOD WITH TABLES 
SUITABLE FOR THE USE OF TRACKMEN 

String lining of curves may be used advantageous to ^{i^lement the Engin^Fs 
transit. Briefly, the method consists in dividing the curve to be Ined into 31 foot sta- 
tions, recording the mid-ordinates of chords spaxamg eadi two stations and k 3 di^ out 
a reasonable amount of throw, if necessary, at each station. No rufe caxi be laki down 
to insure a satisfactory realignment at the first trkl. At be^ thb b a cut aiMi try 
method with sufficient definite rules and in^ructions to embh the iser to lay out throws 
at each station throughout the curve that will give an algmnent, if the worit b carefully 
done, approaching tranat survey accuracy. 

Any number of combinations of throws with balanced reaiks may be ol^amed — 
some bad and others good — so that the work should be placed m the hands of a perse® 
wkh dependable judgment. Such person should also have at least one year of 
Sdiool algebra and one year’s experience in anrvey measurem^ka. 

The purpose b to secure an fll %nm ent ia which the ordmates at each i^tloia aie 
as nearly uniform as possible. A oonskiei^d>ie difierence in the ordinates of chrcular 
curve must be carefulty avoided in the mterest easy rieffi^ and safe track. 
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Strinp: lining is based on the following principles; The mid-ordinates of a circular 
curve are indicative of its degree of curvature. Hence, the ordinates of a circular curve 
are equal for a chord of uniform length. The ordinate of a spiral curve will vary in 
accordance with a specified progression. 

The angle between tangents is the sum of the angles subtended by the chords of the 
curve. For all practical purposes, on curves of more than 193 foot radius (less than 30® 
curvature) the mid-ordinate of a given length of chord varies directly with the degree 
of curvature, or, in other words, varies directly with the subtended angle. Hence, the 
sum of the mid-ordinates is a measure of the angle between tangents. Since it is not the 
purpose of string lining to change the angle between tangents but merely to restore the 
curve to one having uniform properties: The sum of the mid-ordinates before Uning 
must equal the sum of the mid-ordinates of the realigned curve. 

The throw at any station on a curve will change the ordinate at that point by an 
amount equal to the throw and will increase or decrease the ordinates at adjacent stations 
by an amount equal to one-half the throw', always increasing when the throw decreases 
and decreasing when the throw increases the ordinate. 


REVISED LtKir-'-:- 



4r rr^ 

AD = — — Therefore, DD' = The throw at C is CC ; the mid-ordinate at B 

2 ' ^ 2 
has been reduced by DD\ 


General Instructions for Field Work 

Tools Required 

100 ft. strong fish line. 

50 ft. steel tape. 

Marking crayon. 

A suitable rule graduated to inches and tenths wdth graduations beginning 

at extreme end of scale. 

Note book. 

Pad of forms (described later). 

Table of ordinates. 

An work is done on the outside rail of the curve. First stand on tangent several 
rail lengths back from the curve and locate the beginning of the curve as closely as 
posabte by eye. This point is Station Zero and should be marked. The station 31 feet 
back along the tangent is Station — 31. 

Beginning at Station — 31, lay off with steel tape and mark each 31 foot point and 
number consecutively as Station — ^31, 0, 1, 2, 3, etc., and continue the stationing at 
least two stations beyond the point of tangent, which is also located by eye. These sta- 
tion numbers are entered in Column 1 of sample form. 

B^jnnir^ at Station Zero, measure the mid-ordinate in tenths of inches from the 
outside rail to the line joining Stations — ^31 and 1. This is entered in Column 2 of the 
sample form. Proceed around the curve to the P.T. measuring the mid-ordinate at 
each station and entering on the form. 

Take track centers at frequent intervals where there is more than one track, and 
rcKxird any obslac^ which im^:^ affect fining. If more than one track is to be lined, 
u^aOTre the mM-or&at^ on each traHr 



Track 


495 


The form shown in the example was develaped so that several corrections might be 
made without necessity of erasures. 

Column 1 is for station numbers. 

Column 2 is for measured mid-ordinates in tenths of inches. 

Column 3 is for revised mid-ordinates and is divided into sub-columns for con- 
venient changes. 

Column 4 is for difference between ordinates in Columns 2 and 3. 

Columns 5 and 6 are explained by headings. The operation in each column is 
shown by arrows on example. 

The method of obtaining Revised Ordinates was chosen for its feasibility in deter- 
mining a good realignment which will require a minimum amount of throw. The Re- 
vised Ordinates are entered in Column 3. 

The table of ordinates made a part of this method was so calculated that each 31 foot 
station on the spiral falls exactly to the nearest tenth of an inch on a spiral calculated 
by the same method as is used in calculating the AREA 10-chord ^iral. Frequently the 
use of the ordi n ates first selected will require too much throw. Another set of ad/acent 
ordinates should be tried, and if these fail to give the desired r^ults ^iral and curve 
ordinates interpolated between the two may be used. A fittk practice will enabfe the 
user to select the best set of ordinates. 

By inspection of Measured Ordinates in Column 2, the b^inning and ending of 
spiral curves is located as nearly correct as possible. 

In the example shown, the end of the fir^ spiral is taken to fail at Station 7. It 
should be noted at this point that the exact location of the beginning and ending of 
spiral is not important as the variation in mid-ordinates at the aid of the ^iral auto- 
matically adjusts the ends. Find the sum of the ordinates up to and mcluding Stathin 7. 
This sum is found to be 191. Referring to the table headed “Mid-Ordmat^ for Spiral 
217 ft. long (7 Stations)”, a spiral with a sum of ordinates of 191 fe smi to lie between 
a 4°-40' and a 4°“50' curve. Trying the flatter curve first, the ^)iral ordinates 1, 7, 13, 
20, 27, 34, 40 and 46 are entered in sub-column “A” under “Revised Odinates” and the 
ordinate of the circular curve, 47, is carrkd out to Station 11. 

In Column 4 are entered the differences between the measured ordinate, Column 2, 
and the revised ordinate, Column 3. If the ordinate in Column 3 at any statkm fe 
larger than that in Column 2, the sign of the cMerence in Cohimn 4 k minus. Con- 
versely, if the revised ordinate k fcss than the measured ordinate tl^ sign of the differ^Mx 
is iflus. 

In Column 5 are entered the algebraic sums of the differeimes (shown in Column 4) 
up to and including the stations being entered. TIk operatmn is performed in seqi^nce 
as indicated by arrows. 

In Column 6 the Half Throw is altered. The result i^wn here is the a%ehraic 
sum of Column S up to and mcluding the preceding station. The c^)eration k afeo per- 
formed in order as shown by arrows. 

Computations carried through to Column 6 in the example indicate a half-throw of 
— 31, or a Full Throw of 6.2 in. at Station 7, which is too great, and the indications are 
that this negative throw will continue to increase. Tht minus of tl:^ Half Throw 
indicates that ordinates sli^tly smaller should be seketed. The 7 Station tabk k again 
referred to and the spiral ordinates for a 4®-30' curve, 1, 6, 13, 19, 26, 32, 39 and 44 are 
entered in sub-column “B” and the curve ordinate of 45 carried out through Nation II. 
Ccunputing again throu gh to Cohinui 6, we have a HaH Throw of phis 29 at Nation 11. 
This is too great a throw in the poi^ive cflrecrion. 
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Interixiflatiiig a spiral between those used in sub-columns “A’ and ‘ B , Uk ^iral 
ordinates for a 4°— 35^ curve are set down in sub-column “C” and the curve ord i nate of 
46 is carrkd out a few stations below the S.C. at Station 7. Computing a third time 
through to Column 6 the Half Throw at Station 7 is — ^26 and at Station 11 is — 10 
which gives a practical throw. For trial the circular curve ordinate of 46 in Column 3 
is carried through to Station 23 (one station back of the circular curve from the C5.) 
and the extensioi^ made to Column 6 where the half-throw is plus 31. 

Sum up the measured ordinates in Column 2 from Stations 24 to 32, both inclusive. 
These, by inspection, are the ordinates on the spiral and total 190. To assure that 
Column 5 will end in 0 the sum of differences (-f 1) must be deducted from the sum of 
measured ordinates leaving 189. In the table of 7 Station Spirals, the sum of or dina tes 
for a 4°^0' curv’e is 186, or 1 less than the required amount. As this spiral is sufficiently 
close to the required one of 4 “-35', the ordinates shown in the table are entered in sub- 
column under Revised Ordinate increasing Station 29 from 13 to 14 to provide a 
sum of ordinates of 189. 

Carrying the calculations through to Colunm 6, the sum of differences checks out 
zero, but the final Half Throw is +17. As both Columns 5 and 6 must balance out 
zero an adju^ment of the revised ordinates is necessary and is made according to the 
following rule: 

When the final Half Throw is positive subtract from the revised ordinates 
having high station numbers and add an equal amount to the ordinates having 
low station numbers, choosing stations in pairs such that the sum of the differ- 
ences of the station numbers, taken in pairs, equals the numerical amount of the 
final Half Throw. When the final Half Throw is negative, reverse the procedure, 
subtracting from the ordinates having low station numbers and adding to those 
having high station numbers. 

Since in the example the final Half Throw is +17 an ordinate (or ordinates) of 
a low station will have to be increased and of a high station decreased. As it is desirable 
to keep the ^iral uniform, let us change Station 24 from 47 to 46 and Station 22 from 
46 to 47. This change will decrease the final Half Throw by 2 = 1 X (Sta. 24 — Sta, 
22). Let us now change Station 29 from ordinate 14 to ordinate 13, the ordinate shown 
in the table. Then foBowing the rule, subtract (17 — 2 = IS) from the Station Number 
(29) leaving 14 and increase the ordinate at Station 14 from 46 to 47. These revised 
ordinates are entered in sub-column “D”. Carrying out the calculations again to Column 
6, the final Half Throw becomes 0 and the ordinates are balanced. It is also to be noted 
that these changes have brought the Half Throw at Station 20 from 33 down to 27, a 
very desirable result. 

Another method for obtaining the ordinates of the spiral from the table is to average 
the ordinates of the drcular curve. In the example, this average is 46.3. The curve 
having an ordinate of 463 is 4®-37.8' and spirals for 4“-30' and 4°-40' as well as spirals 
interpolated betwe^ these two could be used, selecting such length of spirals as would 
give approximately the sum of ordinates as given by the sum of measured ordinates. 

TTie solution of compound curves by string lining is relatively simple. If the two 
branches of the curve are connected by a spiral whose mid-ordinates increase (or de- 
crea^) uniformly from the mid-ordinate of the first circular curve to the mid-ordinate 
of the second circular curve, the spiral will corre^nd to a curve calculated on the same 
has© as AREA 10-chord spiral. The mid-ordinates at the points of curve-spiral 
(CSA ^uial-€UiTe (SX^.) must be decreased or lm:reased according to the following 
nfie: 
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In laying out a spiral between curves, subtract the mid-ordinate of the 
flatter curve from the mid-ordinate of the sharper curv’e and divide the difference 
by the number of station lengths in the spiral calling the result “D”. Starting 
at the end of the spiral next the flatter curve, the mid-ordinate of the first 
spiral station will be the mid-ordinate of the flatter curve plus D ; of the second 
spiral station will be the mid-ordinate of the flatter curve plus 2D; and so on 
to the last station on the spiral. The mid-ordinate of the point of ^iral-curve 
at the flatter end of the spiral will be the mid-ordinate of the flatter curve plus 
D ; the mid-ordinate of the point of spiral-curve at the sharper eiKi of the 
spiral will be the mid-ordinate of the sharper curve less Ye D. 


Thus if we have a curve with mid-ordinate 24 at Station 12 to connect with a 
curve of mid-ordinate 45 at Station 16, the curve and spiral ordinates will be as foibws: 


Station 

Mid-OfdmaUs 

11 

24 

12 P.C.S. 

25 = 24 

13 

29 = 24 

14 

34 = 24 

15 

40 = 24 

16 P.S.C. 

44 = 45 

17 

45 



+ 

+ 


2 

3 



In working out string line problems considerable assistance can be gaii^ by {dott- 
ing out the measured mid- ordinates against the station numbers. The accompanying 
chart shows the result for the example given. By plotting out the mki-ordmates in this 
manner, the ends of the spiral as well as any pmnts of compounding can be (ktennincd 
very readily and an estimate of the average ordinate to use on the circular curve section 
can be quite closely determined. 

As stated above, there is a possibility for any number of solutkms aiKi conadmble 
judgment must he exercised. Recommendation b made that the user be limited m 
amount of permissibk throw. Many things may govern the final selection of a solution 
—width of ballast, width of roadbed, bridges, inta-loddng, and other physical conditions. 

Usually a throw in excess of six inches will not be desirabfe. 

In connection with Column 6, it is to be noted that a negative half-throw meaiB 
that the track at the station is to be thrown in, while a positive half-throw meam the 
track is to be thrown out. The full-throw is, of course, twice the half-throw. 

Column 7 of the sample form b for use in setting center line stskes and gives the 
distance at each station from the gage side of the outside rail to the revised center line 
of track at each station. The figures in this column are obtained by subtracth^ a^- 
braically the Full Throw (twke the final figures in Colunm 6) from one-half the gage, 
or 28.25". 

Column 8 is for listing any notes which may affect the lining of tl^ curve. 
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EXPL.\NATION OF TABLES 

The following tables present ordinates for spiral curves for every 10' of degree of 
circular curvature from V to curves of degrees requiring 8" of superelevation. The 
lengths of the spirals are from 155' to 403' and are graduated by even 31' lengths. 

Ordinates are given at the point tangent to spiral and at every station 31' apart 
throughout the length of the spiral. The last station shown in each table is the point 
of spiral-curve. The ordinates are to the mid-point of chords terminating at every other 
station. 

The first column shows the degree of circular curve; the second column gives its 
ordinate. The ordinates are given in inches expressed in inches and tenths nearest the 
exact ordinate. The last colunm gives the sum of the ordinates from the tangent to and 
including the point of spiral-curve. This sum is a function of the angle traversed. 

The AREA spiral resembles a curve whose radius at any point is inversely propor- 
tional to the length of arc from the origin to that point. At the end of the spiral the 
radius of the spiral is identical with that of the circular curve with which it is used. 

While the following tables are convenient in working out string line problems their 
use is not absolutely necessary as a spiral corresponding exactly to an AREA spiral can 

be figured out very simply for any circular curve. The calculations involved, which are 

those used in computing the tables, are as follows: 

Let if =: Mid-ordinate of circular curve for a 62' chord. For all curves less than 

about 30® curvature this mid-ordinate in inches is equal to the degree of 

curvature expressed in degrees. Thus a 4°--25' curve has a mid-ordinate 
of 4.417';. 

Mo= Mid-ordinate at point of spiral. 

ifi= Mid-ordinate at Station 1. 

ifs= Mid-ordinate at Station 2. 

Mn= Mid-ordinate at point of spiral curve. 

N = Number of stations on spiral. It is assumed that spiral is an even length 
in stations; that is, that the point of spiral-curve falls exactly on a station. 

L — Length of spiral. 

Then the following formulae can be proven true: 

l = zixn 



M,z=z 2Mx 
Mz= ZMx 
Mo— VeMx 

Jfn~ M — Mo ~ M — 

Thus if there are seven stations on the spiral, for example, and the circular curve 
has an ordinate of 5.0", then 

Mo= Ve — = 0 . 12 " 

7 

Mt = -^ =0.7143" 

2Mi = 1.43" 

Ms= 2 Mi = 2.14" 

M4—4M1 = 2 . 86 " 

Mi=: 5Mi =: 3J7" 

Mi=z 6ifi == 4.29" 

4fi= 5.0 — % i£= 4.88’ 

7 
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Of 

ClToalar 

Cttrw 

Ordlafti 

of 

Circa la 
Off TO 

i ®- oa * 

1.0 

- 10 * 

1.2 

- 20 ’ 

13 

- 30 ’ 

1.6 

- 40 ’ 

1.7 

- 60 ’ 

1.8 

2 ®- 00 ’ 

2.0 

10 ’ 

2.2 

20 * 

2.3 

30 ’ 

2.6 

40 ’ 

2.7 

60 ’ 

2.8 

3 ®- 00 ’ 

3.0 

10 * 

3.2 

20 .’ 

3.3 

30 * 

3.6 

40 ’ 

3.7 

SO ' 

3.8 

4 ®- 00 * 

4.0 

30 ' 

4.2 

20 ’ 

4.3 

SO ’ 

4.5 

40 ’ 

4.7 

SO ' 

4.8 

6 O - 00 * 

5.0 

10 ’ 

5.2 

20 ’ 

53 

90 * 

5.5 

40 ’ 

6.7 

60 * 

5.8 

6 »- 00 * 

6.0 

10 ’ 

6.2 

20 ’ 

6.3 

30 * 

6.5 

40 * 

6.7 

60 » 

6.8 

7 ®- 00 ’ 

7.0 

10 * 

7.2 

20 ’ 

7.3 

90 * 

7.6 

40 * 

7.7 

60 * 

7.8 

8 ®- 00 ’ 

8.0 

20 * 

8.2 

20 ’ 

8.9 

SC * 

8.5 

40 * 

8.7 

M * 

83 

9 ^- 00 * 

93 

- 10 » 

9.2 

- 20 * 

9.3 

- 50 ’ 

9.6 

- 40 * 

9.7 

- 60 * 

9.8 

10 ®- 00 ’ 

10.0 

-10 * 

10*2 

- 20 * 

103 

- 90 * 

10.5 

- 40 ’ 

10.7 

- 60 * 

103 

U ®- 00 * 

U .0 

• - 10 * 

113 

- 20 * 

113 

- 30 * 

U 3 

- 40 * 

11.7 

- 60 * 

113 

uP - oo * 

12.0 


MID-CBDISATES SPIBAL iC 5 _* Long {& Stotlong ) 
Statlong on Spiral 


zwo 

( T . S.I 

1 

2 

9 

4 

6 

Sm 

ot 

Ordls & ta ^ 

0.0 

0.2 

0.4 

0.6 

0*6 

- 

1.0 

3*0 

0.0 

0.2 

0.5 

0.7 

0.9 

1.2 

3.5 

0.0 

0.3 

0.6 

0.8 

1.1 

1.3 

4.0 

0.0 

0.3 

0.6 

0.9 

1.2 

1.6 

4.6 

0.1 

0.3 

0.7 

i.O 

1.3 

1.6 

5.0 

0.1 

0.4 

0.7 

1.1 

1.6 

1.7 

5.6 

0.1 

0.4 

0.6 

1.2 

1.6 

1.9 

6.0 

0.1 

0.4 

0.9 

1.8 

1.7 

2.1 

6.5 

0,1 

0.6 

0.9 

1.4 

1.9 

2.2 

7.0 

0.1 

0.5 

1.0 

1.6 

2.0 

23 

7.6 

0.1 

0.5 

1.1 

1.6 

2.1 

2.6 

8.0 

0.1 

0.6 

1.1 

1.7 

2.3 

2.7 

8.5 

0.1 

0.6 

1.2 

1.8 

23 

2.9 

9.0 

0.1 

0.6 

1.3 

1.9 

2.5 

3.1 

9.6 

0.1 

0.7 

1.3 

2.0 

2.7 

3*2 

10.0 

0.1 

0.7 

1.4 

2.1 

2.8 

3.4 

10.5 

0.1 

0.7 

1.6 

2.2 

2.9 

3.6 

113 

0.1 

o.a 

1.6 

2.3 

3.1 

3.7 

11.6 

0.1 

0.8 

1.6 

2.4 

3.2 

3.9 

12.0 

0.1 

0.8 

1.7 

2.5 

3.5 

4.1 

12.6 

0.1 

0.9 

1.7 

2.6 

3.6 

4.2 

13.0 

0.2 

0.9 

1*6 

2.7 

3.6 

4.3 

13.6 

0.2 

0.9 

1.9 

2*6 

3.7 

4.6 

14.0 

0.2 

1.0 

1.9 

2.9 

3.9 

4.6 

14.5 

0.2 

1.0 

2.0 

3.0 

4.0 

4.6 

15.0 

0.2 

1.0 

2.1 

3.1 

4.1 

6.0 

16.5 

0.2 

1.1 

211 

3.2 

4.3 

5.1 

16.0 

0.2 

1.1 

2.2 

3.3 

4.4 

5.3 

16.5 

0.2 

1.1 

2.3 

3.4 

4.5 

5.6 

17.0 

0.2 

1.2 

2.3 

3.6 

4.7 

5.6 

17.6 

0.2 

1.2 

2.4 

3.6 

4.6 

5.8 

18.0 

0.2 

1.2 

2.5 

3.7 

4.9 

6.0 

18.5 

0.2 

1.3 

2.6 

3.8 

5.1 

6.1 

19.0 

0.2 

1.3 

2.6 

3.9 

6.2 

6.3 

19.5 

0.2 

1.9 

2-7 

4.0 

6.3 

6.5 

20.0 

0.2 

1.4 

2.7 

4.1 

5.6 

6.6 

20.5 

0.2 

1.4 

2.8 

4.2 

6.6 

6.6 

21.0 

0.2 

1.4 

2.9 

4.3 

5.7 

7.0 

a .6 

0.2 

1.6 

2.9 

4.4 

6.9 

7.1 

22.0 

0,2 

1.5 

3.0 

4.5 

6.0 

7.3 

22.5 

0.3 

1.5 

3.1 

4.6 

6.1 

7.4 

23,0 

0.3 

1.6 

3.1 

4.7 

6.3 

7.5 

23.5 

0.3 

1.6 

3.2 

4.8 

6.4 

7,7 

243 

03 

1.6 

3.3 

4.9 

6.6 

7.9 

24.5 

0.3 

1.7 

33 

6.0 

6.7 

8.0 

25.0 

03 

1.7 

3.4 

6.1 

6.8 

8.2 

25.5 

03 

1.7 

3,6 

6.2 

6.9 

8.4 

26.0 

0.3 

1.8 

3.6 

6.3 

7.1 

8.5 

26.5 

03 

1.8 

33 

5.4 

7.2 

8.7 

27.0 

03 

1.8 

3.7 

6.6 

73 

8.9 

27.5 

03 

1.9 

3.7 

53 

7.6 

9.0 

283 

0.3 

1.9 

3.8 

6.7 

73 

9*2 

26.6 

0.3 

1.9 

3.9 

5.8 

7.7 

93 

29.0 

0*3 

2.0 

9.9 

6.9 

7.9 

9*6 

29*6 

03 

2.0 

43 

6.0 

83 

9*7 

30.0 

0.3 

2.0 

4.1 

6.1 

8.1 

9.9 

30.5 


0.4 

OU 

0.4 

0.4 

0.4 

0*4 

0 ^ 

0.4 

0 ^ 

0«4 


2.1 

2.1 

2.1 

2.2 

2.2 

2.2 

2*9 

2*3 

2*4 


4.3 

4.2 

4.2 

4.3 

4.4 

4.5 
43 
43 
4.7 
4.7 


4.2 

6.3 
63 
6.6 
6.6 

6.7 

6.8 
6.9 
73 

7.1 

7.2 


8.9 

83 

8.6 

8.7 

8*6 

8.9 

9.1 

9.2 

9.9 
9.6 
93 


10.0 

10.1 

103 

103 

103 

10.8 

10.9 

11.1 

11.9 
113 
U.6 


31.0 

91.5 

32.0 

32.6 
333 

33.6 

34.0 

34.6 
353 

36.6 

36.0 
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of 

Clrtmlar 

CnrTo 

Of 

Circa Lrt 
C ar ** 


1 

2 

5 

4 

5 

6 

JS . C .) 

»f 

Ordlmt** 

l °- 00 » 

1.0 

0.0 

0.2 

0,3 

0.5 

0.7 

0.8 

1.0 

3.5 

- 10 ’ 

1.2 

0.0 

0.2 

0<.4 

0.6 

0.8 

1.0 

1.2 

442 

- 20 * 

1.3 

0.0 

0,2 

0,4 

0.7 

0.9 

1.1 

1.3 

4a 

- 50 ’ 

1.5 

0,0 

0,2 

0.5 

0.8 

1U > 

1.2 

1.5 

5a 

- 40 * 

1,7 

0.0 

0.3 

0.6 

0.8 

1.1 

lU 

1.7 

5.9 

- 50 * 

1.8 

0.1 

0.3 

0.6 

0-9 

1.2 

1.5 

1.7 

64S 

20 - 00 ’ 

2.0 

0.1 

0.3 

0.7 

1.0 

1.3 

1.7 

1.9 

74 ) 

- 10 * 

2,2 

0-1 

0.4 

0.7 

1.1 

1.4 

1«8 

2-1 

7a 

- 20 * 

2.3 

0.1 

0.4 

0.8 

1.2 

1.6 

1.9 

2.2 

sa 

- 50 * 

2.5 

0.1 

0.4 

0.8 

1.2 

1.7 

2.1 

2U 

8.7 

- 40 * 

2.7 

0.1 

0.4 

0.9 

1.3 

1.8 

2.2 

2.6 

9a 

- 50 * 

2.8 

0.1 

0.5 

0.9 

1.4 

1.9 

2.4 

2.7 

2-9 

5O-OO* 

3.0 

0.1 

0.5 

1.0 

1.6 

2.0 

2.5 

2.r 

10.5 

- 10 * 

3,2 

0.1 

0.6 

1.1 

1.6 

2.1 

2.6 

3.1 

11.1 

- 20 ’ 

3,3 

0.1 

0.6 

l.l 

1.7 

2.2 

2.8 

3.2 

11.7 

- 50 ’ 

3,5 

0.1 

0.6 

1.2 

1.6 

2.3 

2.9 

3.4 

12-3 

- 40 * 

3.7 

6.1 

0.6 

1.2 

1.8 

2.4 

3.1 

3.6 

12a 

- 50 * 

3.8 

0.1 

0.6 

1.3 

1.9 

2.6 

3.2 

3.7 

13a 

40 - 00 * 

4.0 

0.1 

0.7 

1.3 

2.0 

2.7 

3.3 

3.9 

144 ) 

- 10 * 

4.2 

0.1 

0.7 

1.4 

2.x 

2.8 

3.6 

4.1 

14*7 

- 20 * 

4.3 

0.1 

0.7 

1.4 

2,2 

2,9 

3.6 

4.2 

15.1 

- 30 * 

4.5 

0.1 

0.8 

1.5 

2.2 

3.0 

3.8 

4a 

15.8 

- 40 ’ 

4.7 

0.1 

0.8 

1.6 

2.3 

3.1 

3.9 

4.6 

16.4 

- 50 * 

4.8 

0.1 

0,8 

1.6 

2.4 

3.2 

4.0 

4,7 

16.8 

50 - 00 * 

6.0 

0.1 

0.8 

1.7 

2.5 

3.3 

4.2 

4.9 

17a 

- 10 * 

5.2 

0.1 

0.9 

1.7 

2.6 

3.4 

4.3 

6.1 

18.1 

- 20 * 

5.3 

0.1 

0.9 

1.8 

2.7 

3.6 

4.4 

5.2 

18.7 

- 30 ’ 

5.5 

0.2 

0,9 

1.8 

2.8 

3.7 

4.6 

5.3 

19a 

- 40 * 

5.7 

0.2 

0.9 

1.9 

2.8 

3.8 

4.7 

5.6 

19.8 

- 60 * 

5.8 

0.2 

1.0 

1.9 

2.9 

3.9 

4.9 

5.6 

20a 

eO-«o* 

6.0 

0.2 

1.0 

2.0 

3.0 

4.0 

5.0 

5.8 

214 ) 

- 20 * 

6.2 

0.2 

1.0 

2.1 

3.1 

4.1 

5.1 

6.0 

21a 

- 20 * 

6.3 

0.2 

1.1 

2.1 

5.2 

4.2 

S.3 

6.1 

22a 

- 30 ’ 

6.5 

0,2 

1.1 

2.2 

3.2 

4.3 

5.4 

6.3 

22.7 

- 40 * 

6.7 

0.2 

1.1 

2.2 

3.3 

4.4 

5.6 

6.5 

23 a 

- 50 * 

6,8 

0.2 

1.1 

2.3 

3,4 

4.6 

5.7 

6.6 

23.9 

r®-oo* 

7 , 0 ' 

0.2 

1,2 

2.3 

3.5 

4.7 

5.8 

6.8 

24.5 

- 10 * 

7,2 

0.2 

1.2 

2.4 

3.6 

4.8 

6.0 

74 ) 

25*2 

- 20 * 

7.3 

0.2 

1.2 

2.4 

3,7 

4,9 

6.1 

7,1 

25a 

- 50 * 

7.5 

0.2 

1.2 

2.5 

3.8 

6.0 

6.2 

7.3 

26a 

- 40 * 

7.7 

0.2 

1*3 

2.6 

3.8 

6.1 

6.4 

7.5 

26.9 

- 50 * 

7.6 

0.2 

1.3 

2.6 

3.9 

6.2 

6.5 

1*6 

27a 

8 <>- 00 * 

8.0 

0.2 

1.3 

2.7 

4.0 

5.3 

6.7 

7,8 

28.0 

- 20 ’ 

f.2 

0.2 

1.4 

2.7 

4.1 

5 . 4 . 

6.8 

84 ) 

28.6 

- 20 * 

8.3 

0,2 

1.4 

2.8 

4.2 

5.6 

6.9 

8.1 

29a 

- 30 ’ 

6.5 

0,2 

1.4 

2.8 

4.2 

6,7 

7.1 

8.3 

29.7 

- 40 * 

8 . 7 ’ 

0.2 

1.4 

2.9 

4.3 

5.8 

7.2 

8*6 

3oa 

- 60 ’ 

8.8 

0.2 

1.5 

2.9 

4.4 

5.9 

7.V 

8.6 

30*9 

f’-OO* 

9.0 

0,2 ' 


3.0 

4.5 

6.0 ' 

7.6 

8.8 

31.5 

- 10 * 

9.2 

0.3 

1.6 

3,1 

4.6 

6.1 

7.6 

8,9 

32.1 

- 20 * 

9.5 

0.3 

1.6 

3.1 

4.7 

6.2 

7.8 

9.0 

32.7 

- 30 * 

9.5 

0.3 

1.6 

3.2 

4.8 

6.3 , 

7.9 

9.2 

33a 

- 40 * 

9.7 

0.3 

1.6 

3.2 

4.8 

6.4 

8.1 

9.4 

33.8 

- 60 * 

9.8 

0.3 

1.6 

3.3 

4.9 

6.6 

8.2 

9.6 

34a 

lOO-OO* 

10.0 

0.3 

1.7 

3.3 

6.0 

6,7 

6,3 

9.7 

35a 

- 10 * 

10.2 

0.3 

1.7 

3.4 

5.1 

6.8 

6.5 

9.9 

35.7 

- 20 * 

10.3 

0,3 

1.7 

3.4 

5.2 

6.9 

8.6 

10,0 

36.1 

- 30 * 

10.6 

0.3 

1.8 

3.5 

5.2 

7.0 

6.6 

10.2 

36.8 

- 40 * 

10.7 

0,3 

1.8 

3.6 

5.3 

7.1 

8,9 

10.4 

37 a 

- 80 ’ 

10.8 

0.3 

1.8 

3.6 

5.4 

7.2 

9,0 

10.6 

37.6 

U ®- 00 ’ 

IX^ 

0.3 

1.8 

3.7 

5.6 

7,3 

3,2 

10.7 

38.5 

- 30 ’ 

U.2 

0.3 

1.9 

3*7 

5.6 

7A 

3.3 

10.5 

39.1 

- 20 ’ 

11.3 

0.3 

1,9 

3.8 

6.7 

7.6 

9,4 

11.0 

39-7 

- 30 * 


0.3 

1,9 

3.8 

5.7 

7.7 

3.6 

11.2 

40,2 

- 40 * 

11.7 

0.3 

1.9 

3.9 

6.8 

7.8 

9.7 

11 a 

40 a 

- 50 * 

11.8 

0.3 

2.0 

3.9 

5.9 

7.9 

9.9 

11.5 

4ia 

120 - 00 * 

U.0 

0.3 

2.0 

4.0 

6.0 

8.0 

10 .0 

11.7 

42.0 
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Ordinate 


of 

circular 

Carre 

of 

Circular 

Carre 

1 °- 00 * 

1.0 

- 10 * 

1.2 

- 20 * 

1.3 

- 30 * 

1.6 

- 40 ’ 

1,7 

- 50 * 

1.8 

go - oo ' 

2.0 

- 10 ' 

2.2 

- 20 * 

2.3 

- 30 ’ 

2.5 

- 40 ’ 

2.7 

- 50 ’ 

2.8 

5 °- 00 ’ 

3.0 

- 10 * 

3.2 

- 20 * 

3.3 

- 30 ' 

3.5 

- 40 ’ 

3.7 

- 50 * 

3.8 

4 '^- 00 ’ 

4.0 

- 10 * 

4.2 

- 20 ’ 

4.3 

- 30 * 

4.5 

- 40 ’ 

4.7 

- 50 * 

4.8 

5 °- 00 ’ 

5.0 

- 10 ’ 

5.2 

- 20 * 

5.3 

- 30 ’ 

5.5 

- 40 * 

5.7 

- 50 ’ 

5.8 

6 °- 00 ’ 

6.0 

- 10 * 

6.2 

- 20 ’ 

6.3 

- 30 ’ 

6,5 

- 40 * 

6.7 

- 50 ’ 

6.8 

7 <»- 00 ’ 

7.0 

- 10 ’ 

7.2 

- 20 * 

7J5 

- 30 * 

7.5 

- 40 ’ 

7.7 

- 50 ’ 

7.8 

8 ®- 00 ’ 

8.0 

- 10 * 

8.2 

- 20 * 

8.3 

- 30 * 

8.5 

- 40 ’ 

8.7 

- 60 * 

8.8 

8 «- CR )’ 

9.0 

- 10 * 

9.2 

- 20 * 

9.3 

- 30 * 

9,5 

- 40 * 

9.7 

- 50 * 

9.8 

IQO - OO ’ 

10.0 

- 10 * 

10,2 

- 20 * 

10.3 

- 30 * 

10.5 

- 40 * 

10.7 

— 50 * 

10.8 

ii®-oo* 

11,0 

- 10 * 

11.2 

- 20 * 

11.3 

- 50 * 

11.5 

- 40 * 

U.7 

-60* 

11.8 

U®-00* 

12.0 
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2«ro 


7 

js.-c^; 


of 

Ordinates 


0.0 

0.1 

0.3 

0.4 

0.6 

0.0 

0.2 

0.3 

0.5 

0,7 

0.0 

0.2 

0.4 

0.6 

0.8 

0.0 

0.2 

0.4 

0.6 

0.9 

0.0 

0.2 

0.6 

0.7 

1.0 

0.0 

0.3 

0.5 

0.8 

1.0 

0.0 

0.3 

0.6 

0.9 

1.1 

0.1 

0.3 

0.6 

0.9 

1.2 

0.1 

0.3 

0,7 

1.0 

1.3 

0.1 

0.4 

0.7 

1.1 

1.4 

0.1 

0.4 

0.8 

1.1 

1.6 

0.1 

0.4 

0.8 

1.2 

1.6 

0.1 

0.4 

0.9 

1.3 

1.7 

EbH 

• ■ 9 

0,9 

1.4 

l.B 


S 1 9 

1.0 

1.4 

1.9 

EiH 

! 1 9 

1,0 

1.5 

2.0 

0.1 

0.5 

1.0 

1.6 

2.1 

0.1 

0.5 

1.1 

1.6 

2.2 

0.1 

0.6 

1.1 

1.7 

2.3 

0.1 

0.6 

1.2 

1.8 

2,4 

0.1 

0.6 

1.2 

1.9 

2.6 

0.1 

0.6 

1.3 

1.9 

2.6 

0.1 

0.7 

1.3 

2.0 

2.7 

0.1 

0.7 

1.4 

2.1 

2.8 

0.1 

0.7 

1.4 

2.1 

2.9 

0.1 

0.7 

1.5 

2.2 

3.0 

0.1 

0.8 

1.6 

2.3 

3.0 

0.1 

0.8 

1.6 

2.4 

3.1 

0.1 

0.8 

1.6 

2U 

3.2 

0.1 

0.8 

1.7 

2.5 

3.3 

0.1 

0.9 

1.7 

2.6 

3.4 

0.1 

0.9 

1.6 

2.6 

3,5 

0.2 

0.9 

1.8 

2.7 

3.6 

0.2 

0.9 

1.9 

2,8 

3.7 

0.2 

1.0 

1.9 

2.9 

3.8 

0,2 

1.0 

2.0 

2.9 

3.9 

0.2 

1.0 

2.0 

3.0 

4.0 

0.2 

1.0 

2.0 

3.1 

4.1 

0,2 

1.0 

2.1 

3.1 

4.2 

0.2 

1.1 

2.1 

3.2 

4.3 

0.2 

1.1 

2.2 

3.3 

4.4 

0.2 

1.1 

2.2 

3U 

4.6 

0.2 

1,1 

2.3 

3.4 

4.6 

0.2 

1.2 

2.3 

3,5 

4.7 

0.2 

1.2 

2.4 

3.6 

4.8 

0.2 

1.2 

2.4 

3.6 

mSi 

0.2 

1*2 

2.5 

3.7 


0.2 

1.3 

2,5 

3.8 


o.i 

1.3 

2.6 

3.9 

^^9 

0.2 

1.3 

2.6 

3,9 


0.2 

1.3 

2.7 

4.0 

5.3 

0.2 

1.4 

2.7 

4,1 

5.4 

0.2 

1.4 

2.8 

4.1 

5.5 

0.2 

1.4 

2.6 

4.2 

5.6 

0.2 

1.4 

2.9 

4.3 

8.7 

0.2 

1.5 

2.9 

4.4 

5.8 

0.2 

1.6 

3.0 

4.4 

5.9 

0,2 

1.6 

3.0 

4.5 

6.0 

0.3 

1-6 

3.0 

4.8 

6.1 

0.3 ' 

1.6 

3.1 

4.6 

6.2 

0.3 

1.6 

3.1 

4.7 

6.3 

0.3 

1.6 

3,2 

4.8 

6.4 

0,3 

1.6 

3.2 

4.9 

6.5 

0.3 

1.6 

3.3 

4.9 

6.6 

0.3 

1.7 

3.3 

5.0 

6.7 

0.3 

1.7 

3.4 

5.1 

6.8 

0.3 

1.7 

3.4 

5.1 

6.9 


0.8 

1.0 

1.2 

4.7 

1.0 

1.1 

1,3 

5.4 

1.1 

1.3 

1.5 

6.0 

1.2 

1.4 

1.7 

6-7 

1.3 

1.6 

1.8 

7.3 

1.4 

1.7 

2.0 

8.0 

1.6 

1.9 

2.1 

8.6 

1.7 

2.0 

2.2 

9.3 

1.8 

2.1 

2.4 

10.0 

1.9 

2.3 

2.6 

10.7 

2.0 

2.4 

2.7 

11*2 

2.1 

2.6 

2.9 

12<.0 

2.3 

2,7 

3.1 

12.8 

2.4 

2.9 

3.2 

13.4 

2.5 

3.0 

3.4 

14.0 

2.6 

3.1 

3.6 

14.6 

2.7 

3.3 

3.7 

15.2 

2.9 

3.4 

3.9 

16.0 

3.0 

3.6 

4.1 

16.8 

3.1 

3.7 

4.2 

17.3 

3.2 

3.9 

4.4 

18.0 

3.4 

4.0 

4.6 

18.8 

3.5 

4.1 

4.7 

19.4 

3.6 

4.3 

4.9 

20.0 

3.7 

4.4 

6.1 

20.7 

3.8 

4.6 

5.2 

21.3 

3.9 

4.0 

4.7 

4,9 

5.4 

5.6 

22.0 

22.6 

4.2 

5.0 

5.7 

23.3 

4.3 

5.1 

6.9 

24.0 

4.4 

5.3 

6.1 

24.7 

4.5 

5.4 

6.1 

25.2 

4.6 

5.6 

6.3 

26.0 

4 .8 

6,7 

6,6 

26.8 

4.9 

5.9 

6.6 

27,4 

5.0 

6.0 

6.B 

28.0 

5.1 

6.1 

7.0 

28.6 

5.2 

6.3 

7.1 

29.2 

5.4 

6.4 

7.3 

30.0 

5.5 

6.6 

7.6 

30.8 

5.6 

6.7 

7.6 

31.3 

5.7 

6.9 

7.8 

32.0 

5.8 

7.0 

6.0 

32.7 


7.1 

8.1 

33.4 

KS| 

7.3 

8.3 

34.0 


7.4 

8.5 

34.7 


7.6 

6.6 

_ 35.3 

l29 

7.7 

6.8 

36.0 


7.9 

9.0 

36.6 

m9 

8.0 

9.1 

37.3 

6.6 

8.1 

9.3 

38.0 

6.9 

8.3 

9,5 

38.7 

7.0 

6.4 

9.6 

39.2 

7.1 

8.6 

9.8 

40.0 

7,3 

8.7 

10.0 

40.8 

7.4 

8.9 

10.1 

41.4 

7.5 

9.0 

10.3 

42.0 

7.6 

9.1 

10.4 

42.6 

7.7 

9,3 

10.5 

43.2 

7.9 

9.4 

10.7 

44.0 

8.0 

9.6 

10.9 

44.6 

8.1 

9.7 

11.0 

45.3 

8.2 

9.9 

11.2 

46.0 

8.3 

10.0 

11.4 

46.7 

8.5 

10.1 

11.5 

47.4 

8.6 

20.3 

11.7 

48.0 
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In order to check these formulae against the AREA spiral, the rectangular co- 
ordinates for a 217' spiral for a 5®-00' curve were calculated for each 31' station and 
the mid-ordinates computed therefrom. The following table and diagram show a com- 
parison of the results. 


Mid-Ordinate Mid-Ordinates by 
by Rectangular Formulae Used 
Station Co-Ordinates in Tables 

0+00 = 0 = Ti; 0.00998' = 0.12" 0.12" 

0+31 = 1 0.0S9S9' = 0.72" 0.71" 

0+62 = 2 0.11983' 1.44" 1.43" 

0+93 = 3 0.17962' = 2.16" 2.14" 

14-24 = 4 0.23938' = 2.87" 2.86" 

1+SS = 5 0.29880' = 3.59" 3.57" 

1+86 = 6 0.35760' = 4.29" 4.29" 

2+17 = 7 = S.C 0.4062' = 4.87" 4.88" 


The greatest variation is 0.02 inch. 


Appendix D 

(3) PLANS AND SPECIFICATIONS FOR TRACK TOOLS 

G. M. Strachan, Chairman, Sub-Committee; C. R. Harding, C. J. Geyer, W. H. Bevan, 

H. R. Clarke, L. W. DesLauriers, J. J. Desmond, F. S. Hales, F. W. Hillman, E. T. 

Howson, T. T. Irving, J. B. Myers, J. V. Neubert, C. J. Rist, W. L. Roller, G. L. G. 

Smith, J. R. Watt, J. G. Wishart. 

In the Proceedings, Vol. 31, 1930, the Committee submitted the following as infor- 
mation: 

(1) General specification covering chemistry and physical test for track tools. 

(2) Specifications covering hickory handles for track tools. 

(3) Plans and specifications for track shovels. 

(4) Plans and specifications for ballast forks. 

Some further work has been done during the year on these plans and specifications, 
but due to the small number of track tools purchased this year and placed in service, 
all controversial points have not been adjusted. The Committee recommends that these 
plans and Reifications be considered as information for another year. 

Further investigation of Plan No. 11 — Claw Bar, dated September, 1929, adopted 
by the Association in 1930, indicates the need for an alternate design. Plan No. 11 has 
been redrafted to include an alternate Claw Bar. This redrafted plan, bearing date of 
September, 1932, is submitted with recommendation that it replace the present Plan No. 11 
appearing in the Manual. 


Conclusions 

The Committee recommends that the present Plan No. 11— Claw Bar, dated Sep- 
tember, 1929, be withdrawn from the Manual and that Plan No. 11, dated Septemb^, 
1932, showing approved Claw Bar No. 1 and alternate Claw Bar No. 2 be substituted 
therefor. 
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Appendix E 

(4) PLANS FOR SWITCHES, FROGS, CROSSINGS, SLIP 
SWITCHES, ETC. 

O. F. Harting, Chairman, Sub-Committee; C. R. Harding, C. J. Geyer, C. A. Alden, 

W. G. Am, L. H. Bond, R. W. E. Bowler, H. W. Brown, W. G. Brown, E. W. 

Caruthers, J. W. DeMoyer, L. W. DesLauriers, J. A. ElKs, F. W. Gardiner, W. G. 

Hulbert, T. T. Irving, J. de N. Macomb, F. H. Masters, J. C. Mock, A. J. Neafie, 

G. A. Peabody, 0. C. Rehfuss, C. J. Rist, E. M. T. Ryder, G. L. Sitton, G. J. Slibeck, 

Theo. Speiden, Jr., H. C. Stiff, G. M. Strachan, C. R. Strattman, J. B. Strong, E. D. 

Swift, H. N. West, J. G. Wishart. 

The plan presented in this Appendix, and the Revision of the Manual in Appendix A 
coming under this subject, have been prepared in conference with the Standardization 
Committee of the Manganese Track Society. 

The Committee presents, for adoption as recommended practice, Plan No. 600-A, 
showing the application of wing wheel risers to manganese steel frogs, railbound, solid 
and self-guarded. This feature for manganese steel frogs is now in general use and the 
plan was prepared to assure uniform practice, w'hen wing wheel risers are wanted. 

Some of the railways have experienced broken switch points, made of rolled man- 
ganese steel rails, due to the progression of incipient cracks at the bolt holes. Tests 
made by the Lorain Steel Company and the Bethlehem Steel Company indicate that the 
holes should be drilled and not punched and that the burrs should be removed by 
grinding. 

The Committee reports progress on a number of other assignments. 

Conclusions 

The Committee recommends that the following plan, submitted herewith, be adopted 
as recommended practice and printed in the Manual: Plan No. 600-A, dated September, 
1932 — ^A.REA. Application of Wing Wheel Risers to Manganese Steel Frogs Railbound, 
Solid and Solid Self-Guarded. 

The Committee also offers as information the following recommendation: 

That the bolt holes in switch points made of rolled manganese steel rails be drilled 
and not punched and that the burrs be removed by grinding. 

The Committee recommends that this subject be continued. 


Appendix F 

(5) TRACK CONSTRUCTION IN PAVED STREETS 

E. W. Caruthers, Chairman, Sub- Committee; C. R. Harding, C. J. Geyer, C. A. Alden, 
H. W. Brown, W. G. Brown, J. E. Deckert, J. W. DeMoyer, O. F. Harting, W. G. 
Hulbert, J. de N. Macomb, J. C. Mock, A. J. Neafie, G. A. Peabody, O. C. Rehfuss, 
E. M. T. Ryder, G. J. Shbeck, Theo. Speiden, Jr., H. C. Stiff, C. R. Strattman, 
J. B. Strong, T. P. Warren, H. N. West. 

Plans 987, “Straight Double Tongue Switches for Engine Wheel Base Not Over 
14 ft. 6 in. for Use in Paved Streets”, and 988, “Straight Double Tongue Switches fpr 
Engine Wheel Base Over 14 ft. 6 in., but not exceeding 19 ft. 0 in. for Use in Paved 
Streets”, were offered at the Convention in 1932 for information. No adverse comments 
have been received and your Committee now wi^es to offer the plans for adoption as 
“Recommended Practice” 


Mcite. — For pkas above enamerated see Bulletin 352, December, 1932. 



T ra ck 


511 


These planfe have been prepared in conference with the Manganese Track Society, 
and embody the general details of design, and are interchangeable with switches of this 
type now in use by some railroads. 

Conclusions 

The Committee recommends that Plans 987, “Straight I>ouble Tongue Switches for 
Engine Wheel Base not over 14 ft. 6 in. for Use in Paved Streets”, dated November, 
1931, and 988, “Straight Double Tongue Switches for Engine Wheel Base over 14 ft. 6 in., 
but not exceeding 19 ft. 0 in. for Use in Paved Streets”, dated November, 1931, be 
adopted as “Recommended Practice” and printed in the Manual. 


Appendix G 

(6) CORROSION OF RAIL AND FASTENINGS IN TUNNELS 

C. J. Geyer, Chairman, Sub-Committee; C. R. Harding, W. H. Bettis, L. H. Bond, 
R. W. E. Bowler, C. W. Breed, J. J. Desmond, F. W. Gardiner, W. J. Harris, F. W. 
Hillman, E. T. Howson, H. D. Knecht, J. de N. Macomb, F. H. Masters, C. M. 
MeVay, O. C. Rehfuss, I. H. Sdiram, Theo. Spekien, Jr. 

The Committee reports progress. Information on this subject is not developed 
sufficiently to warrant a report this year. 


Appendix H 

(7) GAGE OF TRACK AND ELEVATION OF CURVES WITH 
REFERENCE TO THE USE OF ROLLER BEARINGS ON RAIL- 
WAY EQUIPMENT, COLLABORATING WITH THE MECHAN- 
ICAL DIVISION, A.R.A. 

C. W. Breed, Chairman, Sub-Committee; C. R, Harding, C. J. Gever, W. H. Bettis, 
L, H. Bond, F. S. Hales, J. E. Hogan, E. T. Howson, C. M. MeVay, C. R. Stratt- 
man, T. P. Warren. 

The elevation of curves must be governed primarily by the speed of trains passing 
over them. If the use of roller bearings because of mechanical con^ruction were a con- 
trolling factor of the speed of trains in which they might be iKed to that extent, might 
they be an element in selecting the proper elevations of curves over whidi the train 
passed? 

In order to obtain accurate information relative to the possibk limits in the use of 
roller bearings on curves at any desired speed of operation, letters of inquiry were ad- 
dressed to the large manufacturers of roller bearings which elicited the following replies: 

Fafnir Bearings Incorporated, New Britain, Connecticut — “We have been over 
this subject carefully with our engineering department, and beg to advise that the prob- 
lem, as far as it relates to the use of our roller bearing, the same standards would ap^ly 
as on the sleeve bearings.” 

Hyatt Bearings Division, General Motors Corporation, Newark, New Jersey — 
“From the standpoint of Hyatt roller bearing applicatmns to rolling stock, we do not 
see that there are any problems involved with the Hyatt application which are not 
present with the brass bearing application.” 

Shafer Bearing Corporation, 6501-99 W. Grand Ave., Chicago — ^“With Shafer 
roller bearing used in railroad equipment, fitted in American Steel Foundry unfts, the 
axle shaft is stationary and is corrected in regular journal boxes, with no change m lat- 
eral clearance. For this reason their action on curves will be identically the same as the 
standard plain bearings.” 
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Skf IndustrieSj Inc., 40 East 34th Street, New York — ^'‘We have*T>een using the 
S K F Spherical Roller Bearing for journal applications for more than ten yeare and 
have had extensive experience with practically aU types of steam railway equipment 
except freight cars. We have done some work with freight cars but very little in com- 
parison to that represented by the use of these bearings on passenger trains equipment 
and locomotive. 

“The questions raised in your letter are not ones which we have had occa^n to 
study or investigate thoroughly. Up to the present time we have seen nothing to 
cate that any special requirements for gage of track or elevation of the outer rail on 
curves are necessary when the spherical journal bearing is used.” 

The Timken Roller Bearing Company, Canton, Ohio — ^“On the subject of track 
gage and elevation of curves, we are of the opinion that no changes should be made in 
the tables because of roller bearings. Any new conditions which may arise from the 
use of roller bearings should properly be confined to the rolling stock so equipped. 
The formula for elevation of the outer rail on a curve is a function of speed and degree 
of curvature only. The condition of rolling stock does not enter in exce^ as it may 
affect speed. We have noted a marked tendency to introduce roller bearings on high 
speed equipment. As the modem trend is toward higher speeds, some changes in track 
may be made, but no changes in the tables are involved. 

“Regarding lateral play at journal boxes, we have found it possible to obtain any 
desired amount of movement between box and frame as designed for Timken bearings. 
Wheel gages can also be varied. These possibilities are fortunate, as the table for gages 
and flangeways already contains a large number of factors and should not be made more 
complicated.” 

Conclusions 

There is no different problem in the selection of the proper elevation for curves over 
which it is desired to operate railway equipment using roller bearings than is present if 
equipment is supplied with ordinary bearings. 

It is recommended that this report be considered as information. 


Appendix I 

(8) EFFECT OF EXISTING MATERIALS IN TRACK ON THE DE- 
SIGN OF TIE PLATES AND PUNCHING THEREOF, TOGETHER 
WITH THE INTER-RELATION OF SLOTTING OF JOINT BARS 
AND SIZE OF TRACK SPIKES 

J. de N. Macomb, Chairman, Sub-Committee; C, R, Harding, C. J. Geyer, W. G. Am, 
W. H. Bevan, R. W. E. Bowler, W. G. Brown, E. W. Caruthers, H. R. Clarke, J. W. 
DeMoyer, L. W. DesLauriers, J, A. Ellis, W. J, Harris, 0. F. Harting, F. W. Hill- 
man, F. J. Jerome, H. D. Knecht, F. H. Masters, J. B. Myers, A. J. Neafie, J. V. 
Neubert, C. J. Rist, W. L. Roller, I. H. Schram, G. L. G. Smith, Theo. Speiden, Jr., 
E. D. Swift, J. R. Watt. 

The Committee reports progress. Information on this subject is not developed 
sufBckntly to warrant a report this year. 


Appendix J 

(9) PRACTICABILITY OF USING REFLEX UNITS FOR SWITCH 
LAMPS AND TARGETS 

J. B. Myers, Chairman, Sub-Committee; C. R. Harding, C. J. Geyer, C. A. Alden, F. T. 
Jerome, H. D. Knecht, J. C. Mock, A. J. Neafie. 

This subject is one of considerable interest, at this time, due to the economy effected 
by the ehonnatioii of bumi^ switch and its attendant labor costs for cl^n- 

rag, ^htmg and care. 
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A questionnaire was sent out to a selected list of railroads who were reported to 
have xised or were experimenting with some type of Reflex lens, and the following sum- 
mary of answers is submitted as information. 

Four types of Reflex Units were considered and to simplify answering, the different 
types were numbered; 

No. 1 — Button type, several of which are set in a panel of proper size to replace the 
individual lens in switch lamp. 

No. 2 — Button type, same as No. 1, but panels built into a compkte lamp, replacing the 
present switch lamp. 

No. 3 — Cataphote or Cluster type, a lens having the reflecting buttons molded as part of 
the lens, which is of such size as to replace the lens in the present switch kmp. 
No. 4 — reflector switch lamp, each reflector lens composed of reflecting mirrors enclos- 
ing a dry gas, such as the A. G. A. reflector switch lamp. 


Number of railroads to whom questionnaire was sent 54 

Number of railroads replying 43 

Number of railroads not replying 12 


Of the 42 railroads that replied: 

Sixteen have made no tests and have none in service. 

Three have made limited tests, with unsatisfactory results, and now have none in 
sennce. 

Twenty have a limited number either in test or ready to install. 

Three railroads have an appreciable number in service and appear definitely com- 
mitted to their use. 


Number Used by Railroads Reporting 



Auto. Signal 

Non-Auto. Signal 

Side 



Territory 

Territory 

Tracks 

Total 

Type No. 1 

10 

13 

3 

26 

Type No. 2 


563 

0 

567 

Type No. 3 

10 

7 

0 

17 

Type No. 4 

64 

44 

2 

110 

Total 

88 

627 

5 

720 


Angularity 


Of the 42 railroads reporting, only 12 replied to this question. 



Replies 

Type No. 1 

3 

3 report 30° 

Type No. 2 

4 

3 report 30® ; 1 reports 65° 

Type No. 3 

2 

1 reports 30°; 1 reports 80° 

Type No. 4 

9 

5 report 30®; 3 report 60° and 1 reports 


Distance Visible 

Of the 42 railroads, only 12 replied to this question, and they agreed that the ccflors 
red and green were visible for about the same di^nce; 


Type No. 1 3 

Type No. 2 5 

Type No. 3 2 

Type No. 4 9 


Repijes 

2 report 2000'; 1 reports 2500' 

1 reports lOCK/ ; 1 reports 2000'; 1 reports 
2200'; 1 reports 2500' ; and 1 reports 3000' 
1 reports 1600^ ; 1 reports 4000' 

1 reports 1200'; 3 report 2500'; 1 r^rts 
3000' ; 1 reports 3300' ; 1 reports 4000' ; 
and 1 reports 1600^ 
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Distance Types Kemain True to Colors 

Of the 42 railroads, only 12 made definite reply to this question. With two excep- 
tions they agreed that the colors red and green held true for the full distance visible. 
One road indicated that the colors held true for about three-fourths of the distance vis- 
ible, and one road stated that the colors became indistinct as the distance increased. 

Angularity and Visibility of Different Types and Colors Compared with Oil 
and Electric Lamps 

Sixteen of the reporting railroads answered this question; five railroads say that the 
Reflex units are better than oil lamps; four say they compare favorably with oil lamps; 
six say they are inferior to oil or electric lamps; one feels they are not satisfactory on 
curves, and one states they are better on curves than oil lamps. 

Annual Cost of Lamps (Eighteen railroads replied) 

Replies Range 


Oil Hghted 20 ?6.23 to ^21.00 

Electric lighted 7 2.00 to 15.00 

Reflex Units 3 .50 to 3.00 


Is Banner Retained for Day Indications Where Reflex Units are Used? 
Fifteen railroads replied to this question: 14 yes and 1 no. 

Has the Use of Reflex Units Passed the Experimental Stage? 

Twenty of the reporting railroads answered this question: 17 no and 3 yes. 

Do You Contemplate the Use of Some Type of Reflex Unit for Oil or 
Electric Lamps? 

Twenty-three of the reporting roads replied to this question: 11 replied no; 9 have 
the matter under consideration and are waiting- on the results of tests, and 3 roads are 
definitely committed to their use. 

Use of Reflex Units in Other Units than Switch Lamps 

Twenty-two railroads replied to this question: 16 railroads replied no; 1 road uses 
them for permanent proceed signal; 1 road used them on the arms of crossing gates; 
1 road uses them as “A” and “T” markers on automatic block signals to denote “ABSO- 
LUTE’^ and “TONNAGE” signals; 1 road uses them on steel masts as a fixed distant 
signal at automatic interlocking plants in non-automatic signal territory; 1 railroad uses 
them as markers for semaphore signals and water pans, and 1 railroad as speed limit 
signs. 

Do Laws in any of the States in which You Operate Prohibit the Use of 
Reflex Units or Definitely Prescribe Oil or Electric Lamps? 

Twenty-four railroads replied to this question: 10 answered no, 8 answered yes, and 
1 road operating in the State of Maine points out that the law on this point is a matter 
of interpretation. The States of Indiana, Michigan, Maine, Kansas, Nebraska, Missouri, 
Colorado, Louis i a n a and South Dakota are mentioned as having laws covering this 
feature. Roads operating in Canada must obtain consent to use Reflex Units from the 
Board of Railway Commissioners of Canada. 
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The above Summary includes replies from two French railroads who stated they 
had used ejcperimentally the T3TDe No. 3, Cataphote Cluster lens and expected to extend 
their use. 

No definite conclusions can be reached now as to the efficiency of any type of Reflex 
unit as a substitute for oil or electric switch lamps. The general opinion appears to 
question the value of reflecting devices in winter months and during heavy fog. It is a 
fact, however, that the three railroads who have a large number of these units in service 
report satisfactory aspects during the entire year and these roads are so located that they 
at times do have adverse atmo^heric conditions. 

Conclusion 

It is recommended that this report be received as information. 


Appendix K 

(10) SELECTIVE WELDING UP AT JOINTS, INSTEAD OF 
WELDING OUT OF FACE 


W. G. Arn, Chairman, Sub-Committee; C. R. Harding, C. J. Geyer, W. H. Bettis, H. W. 
Brown, W. G. Brown, H. R. Clarke, L. W. DesLauriers, J. A. Ellis, F. W. Hillman, 
F. J. Jerome, H. D. Knecht, C. J. Rist, W. L. Roller, G. L. Sitton, G. M. Strachan, 
J. G. Wishart. 


Oxy-acetylene Process 

Twenty-nine railroad systems which have been building up rail ends in track for a 
number of years, or on an extensive scale, have replied to the questionnaire on this sub- 
ject. A general summary of the replies to the questionnaire is given below: 

Only four railroads report using the out-of-face method excluavely. The Atlantic 
Coast Line began in 1919, other railroads in subsequent years. 

There are seven railroads which report using the Selective method exdudvely. The 
Central of Georgia began in January 1917, and the Northern Pacific the same year; 
other railroads in subsequent years. 

There are eighteen railroads which report that both methods are in use. 

The method of determining when rail ends should be built up varies widely, a 
summary being as’ follows: 


3 

3 

3 

5 

1 

1 

1 

1 

11 


companies when the wear exceeds 
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3/16 of an inch 

companies leave the matter to the judgment of 
welding foreman, supervisor, roadmaster, divi- 
sion ei^ineer or higher maintenance officer 


The rqjlies to Question No. 4 were not very enlightening. Thfe question h as 
follows: 

“If you use both *out-of-face’ and ‘selective’ building up of rail eixis, what 
determines which method to be used in each location?” 
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Many of the replies to this question were the same as to Question No. 3, the other 
answers are summarized below; 

One builds up out of face when 40% have reached the allowable limit of wear. 
Two roads build up out of face when more than 50% of the rail ends have 
reached the allow’able limit of wear. 

One company uses the out of face method on the low side of curves. 

One company uses the out-of-face method when practically all rail ends are 
worn to the established limit of wear. 


The Selective method is used by various companies as follows: 

One company principally in yards and on the low side of curves. 

One company in yards and terminals only. 

One company only on curves and in special cases, such as washout or slide 
territory. 

Two companies only to a limited extent for worst joints until territory is ready 
for out-of-face method. 

One company only on comparatively new rail when there, is considerable chip- 
ping, and also to harden ends of soft rail. 

Two other companies use it only in special cases. 


Only a few of the roads report changing process or method or discontinuing the 
building up of rail ends. These cases are as follows; 

One company used for a while the Selective method only, and then discontinued 
it in favor of out-of-face. 

Two companies which have used both methods discontinued the Selective 
method after a limited use. 

One company, doing out-of-face work by oxyacetylene, has changed to out-of- 
face by electric welding, stating that it finds the cost lower and the work 
better. 

One company using both methods by oxyacetylene welding has changed to the 
spot method by electric welding. 

Two companies discontinued both methods temporarily — one on account of 
being well caught up with the work; and the other, to reduce expenses 
temporarily. 


The expense of building up rail ends varies widely on the different roads. In cases 
where both, methods were used and the expense of each method was not kept separate, 
the cost per joint was as follows: 


1 Railroad @ 
1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 


$0.75 

0.91 

0.90 to ?1.00 
1.14 
1.21 
1.31 
1.35 
1,62 

1.65 to $2.00 
1.25 to $3.00 


For the Selective method only the following costs were given per joint; 


Railroad had costs varying from $0.60 to $1.00 
“ @ 0.85 

“ @ 0.94 

“ @ 0.97 

“ @ 1.11 

“ @ 133 

“ @ 0.94 to $1.79 (Average $1.37) 

“ ® 1.40 to $1.60 

“ @ 1.76 

r. ® 1-77 

® OJS per In. inch 
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By the Out-of-face method, costs per joint were as follows: 


1 

Railroad @ 

$0.51 

1 

“ @ 

0.47 

1 

“ @ 

0.77 

1 

“ @ 

0.93 

1 

“ @ 

1.05 

1 

“ @ 

0.85 

1 

“ @ 

1.19 

1 

“ @ 

0.89 

1 

“ @ 

0.96 

1 

“ @ 

1.65 


in 1931; $0.58 in 1930 
to $1.20 (Average $0.77) 


in 1932; $1.15 in 1931; (includes paintii^ with black oil) 
to $1,25 ($0.13 per lin. inch) 

to $1.28 

to $1.64 (Average $1.50) 

(includes retamping) 


One company reports that in addition to building up the rail ends they afeo 
build up the top of the angle bar where it has been worn down, this being 
done just before rail ends are built up. (C&NW). 

One company reports that where rail ends are worn le^ than 1/32^ at a joint, 
the end with the lesser wear is ground down to match the lower end. 
(Pennsylvania). 

One company reports increasing the proportion of out-of-face work. (CMStP&P) . 


Electric Process 

Fifteen railroad systems which have been building up rail ends in track on a rather 
extensive scale by the electric process, have replied to the questionnaire. A general sum- 
mary of the replies is given below: 

Nine railroads use the out-of-face method exclusively. 

The C&NW began the out-of-face method in 1925, other roads in subsequent years. 

Five railroads use the Selective method only. 

The Southern Pacific began the Selective method in 1926. other roads sub^uently. 

Only one railroad reports using the electric proc^ for both methods. 

The method of determining when rail ends should be built up varies widely, a sum- 
mary being as follows: 
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3 other companies leave the matter to the judg- 
ment of some maintenance officer 


One company builds up rail ends by the out-of-face method when 40 per mit 
or more of the joints have reached the allowable limit of wear ; and 

One when 50 per cent have reached the allowable I mi t of wear. 

One company repHJrts discontinuing the Selective Proc^ temporarily, and 

One the out-of-face process temporarily. 

One company which used the Out-of-face Proce^ only has discontinued this, 
due to excessive number of breaks on the weMed ends. 

One company reports discontinuing the Out-of-face meriiod for one year account 
reduction in expenses. 

Oi^ company is testing the electric process out-of-face. 

One company which exj>erimented with the electric proce^ found it no better 
and more expensive. 
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The expense of building up rail ends varies widely, as is shown by the prices given 
below: 

One company, using both methods, does the work at an average cost per joint 
of SI. 25 (18^ per lin. inch). 


For the Selective Process, costs per joint were as follows: 


1 company @ 
1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 


For the Out-of-face method 

1 company @ 
1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 

1 “ @ 


?0.70 

1.50 to ?2.25 
1.60 
1.81 
2.10 

costs per joint were as follows: 

$1.50 to $1.75 
1.70 

1.70 to $1.80 


1.75 

1.87 

1.95 

1.96 


2.00 to $2.25 
0.11 per lin. inch 


Recommendation 

Unless companies already have some other satisfactory rule, and pending further 
investigation, the rule suggested is: 

“That rail ends be built up by the Selective method before enough have 
worn down to the allowable limit of wear to justify out-of-face work; but where 
rail has run until 50 per cent of the joints have reached the limit of wear the 
work to be done by the Out-of-face method”. 


Conclusions 

That this report be accepted as information, and the subject be continued as to: 
Conditions governing choice of method. 

Extent, if any, of increased rail breakage due to building up ends. 

Use of new, reformed, or built up angle bars. 

Wear on under side of head of rail. 

Grinding instead of flattening after building up by oxyacetylene process. 

That the question of heat treating rail ends to reduce wear be investigated and 
recommendations made. 


Appendix L 

(11) DESIRABLE TIGHTNESS OF TRACK JOINTS AND EFFECT 
UPON THE LIFE OF RAILS AND JOINTS OF OVERTIGHT 
JOINTS; OF LOOSE JOINTS 

W. J. Harris, Chairman, Sub- Committee; C. R. Harding, C. J. Geyer, W. H. Sevan, 
H. R. Ckrke, J. J. Desmond, J. E. Hogan, C. M. McVay, I. h' Schram, G. L. G. 
Smith, T. P. Warren. 

The Comml:tee ii^)orts progress. Information on this subject is not developed 
^:®ciently to warrant a report this year. 
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Appendix M 

(12) RECLAMATION OF SERVICEABLE MATERIALS FROM 
SCRAP AND RETIRED MAINTENANCE OF WAY AND STRUC- 
TURE MACHINES, TOOLS AND APPLIANCES, COLLABORAT- 
ING WITH DIVISION VI, PURCHASES AND STORES, A.RJV. 

J. R. Watt, Chairman, Sub-Committee; C. R. Harding, C. J. Geyer, H. W. Brown, 
J. J. Desmond, F. S. Hales, T. T. Irving, W. L. Roller, G. L. Sitton, J. G. Wishart. 


The Committee reports progress. Information on thk subject is not deveh>ped 
sufficiently to warrant a report this year. 


Appendix N 

(13) STANDARD WHEEL FLANGES, TREADS AND GAGES, COL- 
LABORATING WITH THE MECHANICAL DIVISION OF THE 
A.R.A. AND THE ASSOCIATION OF MANUFACTURERS OF 
CHILLED CAR WHEELS 

C. J. Geyer, Chairman, Sub-Committee; C. R. Harding, C. A. Akien, E. W. Carutho-s, 
J. V. Neubert, G. A. Peabody, J. B. Strong. 

This subject has been under discusaon for several years. At the last convention, 
March, 1932, Plan No. 790, dated September, 1931, was presented with the idea of havii^ 
it adopted ; but discussions devebped the advisability of some changes and it was tte^e- 
fore offered as information only. This plan has now been revfeed ard ampliffijd for 
clarity, and to more comprehenavely cover the subject. 

The data collected and field measurements taken on this subject and refer^iccs to 
conferences held are outlined in the Committee’s report for last year, pubfehed in tl^ 
1932 Proceedings, Vol. 33, page 586, and discussions on the subject wili be fouiKi on 
pages 818 and 819 in the 1932 Proceedings. The data already presented wil not be 
repeated here, but the following summary is now submitted. 

With 4 ft. 8J4 in. gage and 1^ in. flai^ways the clearance for ca^ chilled whcds 
and for large-flange locomotive wheels is approximate^ ^ in. on the gage side and 
practically nothing on the guard side, e^jecially when whedb are tread worn. The plan 
now presented recommends, for New Work, fiangeways 1 % in. wkie, with tokrama^ 
nothing over and 1/16 in. under, and maximum guard face ga^ in crossii^ 4 ft. 4 % in. 
For Maintenance the frog and crowing limit gage as outlmed is re^ mmoid ed. 

This subject is now considered more important than heretofore, because heavier rails 
and more rigid track structures are now used, particularly in new work. In i^to: rail 
work and in "wom track there is a degree of fleiibOky, which cannot be counted upon in 
new heavy-rail trackwork of rigid construction. Furthermore, the dimination of track 
distortion will add to the life of trackwork fixtures; coi^equmtiy there ^oukl be a con- 
siderabb saving in maintenance costs with track maintained within the fimhs speci^d 
on the plan now presented. 

Revisions for ex^ing frog and creasing plans, to conform to Pbn No. 790, are 
outlined in 1933 Index Supplement, pages 4, 5, and 6, presaited in Ai^jesndix A. If 
these revisions are approved, it is the intention to ii:«:orporate them on the phiES affected, 
thereby avoiding confu^n by making it unnecessary to refer to the IiKkx SuppfeEnent 
for the revisions ^^ecified. 
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Conclusions 

The Committee recommends that 

Plan No. 790, dated Revised Nov. 1932, A.R.E.A. Data for Gages and 
Flangeways at Frogs and Crossings, showing Limits where Gage is not Widened 
for Curvature, 

submitted herewith, be adopted as recommended practice and printed in the Manual. 


Appendix O 

( 14 ) DAMAGE FROM BRINE DRIPPINGS, COLLABORATING 
WITH MECHANICAL DIVISION, A.R.A. 

W, G. Am, Chairman, Sub-Committee; G. M. Strachan, J. G. Wishart. 

The Committee, collaborating with a sub-committee representing the Mechanical 
Division, AJR.A., on this subject, decided that committee representing the Mechanical 
Division will endeavor to get authority to make a detailed inspection of refrigerator cars 
with brine tank.*; similar to and to compare with such an inspection as was made some 
four years ago, as a basis for formulating further action, if any, in regard to improving 
the efficiency of the brine retaining devices. 

The Mechanical Sub-Committee report that there are about 160,000 of the open 
bunker type of cars used mainly for fruit and vegetables on which there is no device 
for retaining the water from the melted ice; that for 75 per cent of the time that these 
cars are in service they are used with only air-cooling or ventilation, no ice being used. 
In only 25 per cent of the service is ice used; and in only 8 per cent of this 25 per cent 
is salt used; so that of the open bunker type of cars only 2 per cent of the total number 
in service are cars which drip brine. In these cars the amount of salt varies from about 
3 per cent to IS per cent of the amount of ice. They claim therefore that the damage 
on account of brine drippings from these cars is not enough to justify the very heavy 
expense which would be involved to equip these cars with some kind of a brine retaining 
device. It is estimated that at the very least it would cost $300.00 per car, or 
$48,000,000; and that cars so equipped would require increased inspection and main- 
tenance, and would probably be less satisfactory to the shippers than the cars in their 
present condition. 

The replies to the last questionnaire sent out to ascertain the amount of damage 
from brine drippings indicated that only ten railroad systems in the United States and 
Canada were seriously damaged by brine drippings, and that the total damage per year 
was about $2,100,000.00. A few of the roads reported very heavy damage; and one road 
— the Pennsylvania — ^which probably suffers considerable damage, did not make a report. 
Assuming therefore that the $2,100,000.00 estimate is correct, this amount capitalized at 
5 per cent would be equal to $42,000, OCKl.OO, indicating that the expense of equipping 
the open bunker type of cars with brine retaining devices is not justified, particularly 
so as these cars are responsible for only a part of the brine drippings. 

Conclusion 

It K recommended that this report be received as information. 
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CommiiUe. 


To the American Railway Engineering Association: 

Your Committee re^>ectfully presents herewith its r^>ort on the following subjects: 

1. Revision of Manual. 

2. Specifications for prepared gravel ballast, induding best method of testhxg for 
hardness, abrasion, and resistance to weathering (Appendix A). 

3. Specifications for stone ballast, including best snethod of testing redstance to 
weathering (Appendix B). 

4. Comparative costs of maintaining track on various kinds of ballad (Af^ndix C). 

5. Effects of different kinds of ballast on life of ties, on life of rail and upon rail 
failures, particularly as between gravel and crushed stone ballad (Appendix D). 

6. Determine proper depth and kind of sub-ballast (Afq>endix E) . 

7. The effect of better and deeper ballast on the cost of lining and surfacing (Com- 
mittee reports progress). 


Action Recommended 

1. Changes are covered in Appendix D. 

2. That Appendix A be accepted as a progress report, 

3. That Appendix B he accepted as a progre^ report. 

4. That the rq)ort appearing as Appendix C be accepted as mfomsation. 

5. That the report appearing as Ap^ndix D be accepted as a prc^re^ report. 

6. That the revision as recommensded in Appendix E be approved. 

Re^>ectfully submitted, 

The Committee on Baxxast, 

A P. Crsosley, Chairman, 

Bulletin 352, December, 1932, 
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Appendix A 

(2) SPECIFICATIONS FOR PREPARED GRAVEL BALLAST, IN- 
CLUDING BEST METHOD OF TESTING FOR HARDNESS, 
ABRASION AND RESISTANCE TO WEATHERING 

C. B, Stanton, Chairman, Sub-Committee; Clarence Baker, W. L. Foster, J. J. Gallagher, 
0. N. Lackey, W. A. Roderick, S. A. Seely, Stanton Walker, A. H. Woerner, A. 0. 
WolJff. 

Last year’s report referred to information which had been collected to serve as a 
guide in carr>ing out the assignment of the Sub-Committee, but which opportunity had 
not been had to study. During the present year conditions have not been favorable for 
the collection of additional information but work has been done in considering the data 
previously secured. That information consists of test results on samples of gravel ballast 
and of the results of two questionnaires as follows: 

(1) On the extent to which the present specification of the Association 
for prepared gravel ballast is being used. 

(2) On the service record in the roadbed of specific gravels on which 
detailed laboratory tests have been carried out. 

The replies to these questionnaires are fairly complete, but the studies of them which 
have thus far been carried out do not lead to any very definite conclusion. It is believed, 
however, that it will be of interest to summarize the information obtained even though 
the summary cannot be accompanied by definite recommendations. 

The results from the first questionnaire, on the extent of the use of the Association’s 
specification, are summarized in Table 1. The questionnaire was submitted to 110 rail- 
roads representing approximately 253,000 miles of line and replies were received from 50 
roads operating about 165,000 miles. The returns, therefore, represent • about 65 per 
cent of the mileage covered. Of the roads replying, 68 per cent of the mileage indicated 
the use of prepared gravel ballast, and 10 per cent the use of pit run. 

On the question of the use of the Association’s specification, an answer was received 
from only 72 per cent of the mileage returning the questionnaire. Of this mileage, 44 per 
cent indicated that the Association’s specification as written, or of requirements based on 
them, are used. An equal percentage indicated the use of some type of specificaticn. 
Only 12 per cent reported the use of no specification. Approximately 45 per cent of the 
mileage returning the questionnaire replied to a request for suggestions for changes in 
the present specification. Of this, 85 per cent stated that they had no suggested changes 
to off^ and 15 per cent suggested changing the Association’s specification to those used by 
the individual railroad. A question with reference to the feasibility of obtaining con- 
formity to the specification in use elicited replies from 51 per cent of the mileage return- 
ing the questionnaire, which were unanimous in indicating that no difficulty was encoun- 
tered in this respect. 

Each of the railroads was requested to furnish the grading specification under which 
they purchased prepared gravel ballast and 40 per cent of the mileage returning the 
questionnaire furnished information of this nature. Due to the differences in form of 
grading specifications used, it has been difficult to summarize this information dearly. 
For example, ^jecifications stated in terms of percentages retained between different 
sieves are not trandatabk to tarms of total percentages pasang each sieve. An approxi- 
mate translation can be nmde, however, and in Fig. 1 the grading requirements of the 
laihroa^ have been expresed in tem^ of total percentages jxtssing the various 
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sieves — the fonn used in the Association’s specification. It will be noted from this 
diagram that certain of the railway specifications contained inadequate information to 
permit of representing the limits diagrammatically ; it is believed, howe\’er, that the intent 
of these specifications will be clear. 

When the wide differences in local conditions are taken into consideration, it is felt 
that the replies to the questionnaire have shown a satisfactory approval of the A^oda- 
tion’s specification. The Sub-Committee is encouraged in the belief that the specifica- 
tions are in a form practical of application to the needs of all railroads, although it 
recognizes the desirability, in some instances, of individual roads introducing modifiotions 
to suit local conditions. 

The results of the questionnaire on the service records of specific gravels on whkh 
laboratory tests have been carried out are summarized in Table 2. In last year’s report 
the hope was expressed that a study of these results, in connection with the data of tl^ 
laboratory tests, would lead to definite recommendations for specification limits covering 
hardness, resistance to abrasion, resistance to weathering, and other factors not included 
in the present specification. Studies thus far carried out do not permit the Sub-Com- 
mittee to make definite recommendations in this r^>ect. 

A comparison of the summary shown in Tabk 2 with data of the source, nature and 
laboratory tests of the samples reported in Vol. 31, pages 764 and 765, and in Vol. 33, 
pages 351 and 352, will serve to illustrate the difficultks encountered by the Sub-Com- 
mittee in arriving at definite conclusions. For example, it seems impossible to deduce 
any definite relation^p between the resistance to abraaon and reports on the reststauce 
to breaking down under traffic and tamping; the gravdi on whidi the least favorabk 
report was given had a resistance to abraaon about the mid-point of all of the sampkis 
tested. Similarly, consideration of the ^)ecific gravity in connection with this factor 
shows no relationship; the gravel with the ka^ favorable report had a ^cific gravity 
somewhat higher than the average. A like lack of relationship was ^own in the case of 
the absorption tests. A vague relationship is discernible in the case of the crudiing test, 
although it is by no means definite; in general, those gravels lowing the lowe^ reduc- 
tions in voids and fineness modulus in the crushing test received the mc^ favorable 
reports on resistance to breaking under traffic and tampii^. It should be em|ffiasized, 
however, that all of the gravels considered were of fairly hi^ quality; none of them gave 
very poor results in the laboratory tests and all received quite favorable reports concern- 
ing their resistance to breakage in the track. 

The replies to the question relative to the durability, or resistance to dfeint^ration 
due to weathering, represents the prindf^l additional item of information from the ques- 
tionnaire which permits of correlation with the laboratory tests. Here again the rela- 
tively narrow range in quality of materials handicaps the drawing of define comiti^ns. 
The sodium sulfate soundne^ tests dmw no relationship to the service reporte. In fact 
the aggregate showing the greatest dkintegration in the sodium aiifate te^ receivai a 
report on its service which stat«i “very little disint^ration due to weatii^r,^ in ^>ite of 
the fact that it was used in a rektively severe clinmte. On the otho: haiKi, one of the 
samples giving among tl^ better results in the sodium ailfate test received the report 
“dkintegrates after about three or four years" exp<^tire to weather; Sable to cause churn- 
ing joints and firing in dry weather.” Such incons^^ides do not appear for al of 
samples, but they will serve to ffiu^rate S^b-Cbmimttee^s inabildy to draw definffe 
conclusions. Particular attention is cSrected to the locatims Cam!, tiiKe- 

fore, the severity of climatic conditions) of the sources of the gravek te^ed aini of the 
roads using them. 
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In view of the lack of correlation between the laboratory and field results, the 
Sub-Conunittee does not feel Justified in completing its assignment at this time. Present 
information does not seem to permit of more than guesses at suitable limits on abrasion, 
specific gravity, absorption, etc. It is believed that further study should be given to the 
crushing test. The sodium sulfate soundness test not only fails to show a relationship 
to durability in the track, but investigations of this test method during the past year 
indicate the likelihood that major changes in the procedure for it may be recommended 
within the comparatively near future. Future tests of the nature of those carried out 
should pay special attention to samples representing a wider range in quality than those 
which have been tested. Instead of testing samples and then determining their service 
record, it is believed that future activities should be along the lines of examining mate- 
rials which have shown some abnormalities in service record. 

The Sub- Committee submits the foregoing as a progress report. 


Table 1 


SUMMARY OF QUESTIONNAIRE ON USE OF ASSOCIATION’S SPECIFICATIONS 
FOR PREPARED GRAVEL BALLAST 

Questionnaire sent to 110 railroads representing 253,010 miles; replies received from 
SO railroads representing 164,919 miles or 65.3 per cent of total 

Percentage of Mileage 
Represented by Replies 
Mileage Total 

Question Returning Mileage 

No. Question Questionnaire Questioned 

1. Is your railroad using prepared gravel ballast? 

Yes 67.7 44.2 

No 21.8 14.2 

Pit run 10.5 6.9 

2. Are the Association’s specifications in use? 

Yes 5.7 3.7 

Based on A.R.EA 253 16.5 

No (Railroad’s own) 31.8 20.7 

No specifications 9.4 6.2 

3. Are the tests recommended being used? 

Yes 13.9 9.1 

No 13.3 8.7 

In part 22.6 14.7 

4. Are t^ in use other than those contained in the 
specifications? 

Yes 25.3 16.5 

No 17.2 11.2 

5. What changes do you suggest in the Association’s 
specifications? 

None 38.1 24.8 

Railroad’s own 7.1 4.6 

6. Does your railroad experience difficulty in obtaining con- 
formity to their specifications? 

No 51.1 33.2 

Yes 0.0 0.0 

Please fumi^ a copy of the reifications upon which 
your road buys prepared gravel ballast and a description 
of the tests required. 

Answers received 40.0 26.0 

(See Fig. 1 for summary of gradings) 
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Appendix B 

(3) SPECIFICATIONS FOR STONE BALLAST, INCLUDING BEST 
METHOD OF TESTING RESISTANCE TO WEATHERING 

J. M. Podmore, Chairman, Sub- Committee; D. C. Barrett, C. J. Coon, H. F. Fifield, 
W. L. Foster, A. T. Goldbeck, W. W. Patchell, H. M. Righter, A. B. Shimer. 

At the 1931 convention, your Committee presented a revised and rearranged set of 
specifications for stone ballast, which were approved. Slight modifications were sug- 
gested, principally for clarity’s sake, at the 1932 convention, and these were approved. 
Your Committee has kept these specifications constantly before them vvdth the thought 
of keeping them up-to-date in the light of new methods of test which are being recom- 
mended and which hold some promise of assisting in test methods. Your Committee 
does not recommend any changes at this time, but calls attention to the fact that addi- 
tional information is available on certain test methods. 

Section 18 of the specifications, Apparent Specific Gravity, further information may 
be obtained by referring to A.S.T.M. Standard D 30-18. 

Section 21, Toughness, further information is given in A.S.T.M. Standard D 3-18. 
Your Committee desires to call attention to Section 22, Wear Test. The present 
specification calls for the test to be made on ledge rock from the quarr>" using hand 
broken fragments. In other words, the present test provides only for testing ledge rocL 
Your Committee has prepared an alternate specification for making test on crushed stone 
as produced for ballast known as the Modified Abrasion Test. Your Committee is sub- 
mitting this as information and criticism with the thought of recommending it for adop- 
tion at some later date. It seems to your Committee that when selecting samples from 
a quarry in operation that the samples should be taken from the prepared stone ballast 
instead of from a quarry ledge or face which is rarely representative as it has not been 
subjected to the effects of crushing and screening operations, through which the prepared 
stone passes. 

The Modified Abrasion Test is as follows: 

“A representative portion of the crushed stone used in making ballast shall 
be screened to yield these sizes and weights of material — ^twelve hundred and fifty 
(1250) grams between each of the following pairs of round opening screens: 

1^"-1", 1"-^". These fractions are combined, washed, dried thor- 
oughly, weighed and placed in the abrasion machine with 6 cast iron spheres 
1.875 inches in diameter and weighing approximately 0.95 lb. (0.45 kg.) each. 

The charge is then revolved at the rate of 30 to 33 revolutions per minute for 
10,000 revolutions for each test, after which the pieces shall be thoroughly 
washet^ dried and weighed and the percentage of dust or detritus by weight 
that will pass through a screen with ^ in. (0.16 cm.) openings shall be con- 
sidered the loss by abrasion. Rock that has a greater percentage of abrasion 
than ^lall be rejected.” 

(American A^ociation of State Highway C^cials T. 4) modified. 

Ohio State Highway Specifications 1932 p. 201. 

AJS.T.M. D 289-28T nwdified fm- stone. 

Last year your Committee recommended that the sections dealing with Cementing 
Value be removed from the g)ecifications for reasons given at that time. By direction 
of the convention, the Committee was directed to give this further study. A question- 
naire has been saat out to ascertain the number of roads actually embodying this feature 
in their ^)ecifications in the purchase of stone ballast and the extent to Tdiich it is being 
used* RqpKes were not received in time to permit inclusion in thig year’s report. 

Recommendation 

Iliat the report be received as information. 
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Appendix C 

(4) COMPARATIVE COSTS OF MAINTAINING TRACK ON 
VARIOUS KINDS OF BALLAST 

Daniel Hubbard, Chairman, Sub- Committee; J. J, Gallagher, A. D. Kennedy, H. M. 
Long, J. A. Snyder, A. H. Woemer, C. H. Zentmyer. 

Last year your Committee submitted some data on costs of maintaining track on 
gravel and stone ballast. Same may be found in Vol. 33, page 359 of the Proceedings. 
The data covered the years 1927 to 1930 inclusive. This year’s data is given in the 
accompanying tables for the year 1931. Your Committee is arranging to have samples 
of the gravel and stone ballast analyzed in the laboratory as a check on field performance. 
It should be noted that gravel is being used to replace the original stone balkst so that 
the possibility of securing additional information is rather doubtful. 

Some information has been secured from another road but opportunity has not been 
had to attempt to get it in shape for presentation. 

It is recommended that the information be accepted as a progress report. 


Table 1 


THE NORTH AND SOUTH RAILWAY COMPANY 
STANDARD MILE— BETWEEN MILEPOST 625 AND 626 
GRA\T:L BALLAST 


East Division 





West 

District 




1931 





Man 

Unit 

MaVl 

Labor 

Total 


U nits 

Hours 

Cost 

Cost 

Cost 

Cost 

Ties — Digging In 

Ties — ^With feise 

89 

104 

1.19 

105.91 

45.47 

149.38 

Ties — Switch 

Ties — ^Plates 

Rail Joints 

Ballak Stone 

81 

20 

.224 

17.90 

8.36 

26.26 

I&S Main Track 

2S6S0 

12S3 



523.76 

523.76 

Respadng Tks 

ISO 

8 



3.34 

3.34 

Regaging Ties 

T&R Bolts 

962 

18 


.16 

7.52 

7.68 

Guard RaiL 

Banking 

600 

lOS 


30.00 

45.14 

75.14 

Ditching 

sso 

30 



12.54 

12.54 

Cleaning Ri^t-of-Way 

23311 

352 



147.14 

147.14 

Mowing 

......21120 

118 



4932 

4932 

Weeding 

Tappmg Spikes 

R^Miirmg Crossings 

5 

97 


21J5 

40.55 

61.90 

Snow and Ice 

26 

21 



8.78 

8.78 

St^>erficial Dressing 

OiKng Bolts 

2160 

14 

.08 

.96 

5.85 

6.81 

%akes 

Pitrohing 

...... 2 

263 



109.93 

109.93 

MfeceHaneous 

Salvage 


16 



6.68 

6.68 

Total 


2422 


176J8 

101238 

118836 

Av. Hourly Rate .415 






.... 
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Table 2 

THE NORTH AND SOUTH RAILWAY COMPANY 
STANDARD MILE— BETWEEN MILEPOST S81 AND S82 
STONE BALLAST 


West Division 




East District 



Man 

mi 

Labor Mat*l 

Totd 

Tie Renewals 

Digging in each 

Units 

Hours 

Cost 

Cost 

Co^ 

With Raise — each 

366 

187 

78.42 

494.78 

S7320 

Switch — lin. ft 

Rail Renewals 

221 

26 

10.90 

8.S1 

19.41 

New — 

Repair 

Other Trace Renewals 

SS33 

922 

386.62 

3688.07 

4074.69 

Tie Plates 

Rail Joints 

173S 

195 

81.77 

173.SO 

2SS27 

Frogs 

2 

23 

9.64 

99.23 

108.87 

Miscellaneous 

Ballast 


71 

29.77 

25.00 

54.77 

Cleaning— Yard 

Stone — ^Yard 

279 

864 

362.30 


362.30 

Gravel— Yard 

Line and Surface 

10S77 

2285 

958.16 

972.00 

1930.16 

Main Track — ^ft 

1369S 

808 

338.82 


338.82 

Respace Ties 

2121 

229 

96.03 


96.03 

Regaging Ties 

2402 

185 

77.58 

4.82 

82.40 

Tighten Bolts 

Roadway 

1770 

31 

13.00 

3.09 

16.09 

Banking — ft 

2351 

376 

157.67 


157.67 

Ditching — ft 

1880 

234 

98.12 


98.12 

Cleaning 

40399 

498 

208.83 


208.83 

Mowing 


181 

75.90 


75.90 

Repair Switches 


73 

30.61 

5.00 

35.61 

Oil Joints 

600 

19 

7.98 

1.00 

8.^ 

Snow and Ice 


9 

3.77 


3.77 

Patrolling 


213 

89.32 


89.32 

Undistributed 


114 

47.80 


47.80 

Total 

Av. Hourly Rate .41933 


7543 

3163.01 

5475.00 

8638.01 


Appendix D 

(5) EFFECTS OF DIFFERENT KINDS OF BALLAST ON LIFE OF 
TIES, ON LIFE OF RAIL, AND UPON RAIL FAILURES, PARTIC- 
ULARLY BETWEEN GRAVEL AND CRUSHED STONE BALLAST 


M- 1. Dunn, Chairman, Sub-Committee; Clarence Baker, A. T. Goldbeck, A. A. Johnson, 
W. W. PatcheH, A. B. Shimer, J. A. Snyder, Stanton Walker. 

ThB is a new subject. It is apparent that a large number of factors will have to be 
taken into con^eration before an attempt is made to formulate a comparison between 
the elects of different kinds of ballast on life of ties and rail. 
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In regard to effect of balJast on life of ties, it is only necessary to consMer tie damage 
done by wheel load and impact, the Sub-Committee having no evidence of appreciable 
acceleration or retardation of decay arising from use of different of ballast, pro- 
vided sufficient clean ballast is used to insure drainage of baBfist sectk>n. 

Damage to ties that may be partly caused by ballast, falls into tl^ following classes: 

1. Indentation by ballast under heavy traffic. 

2. Ro^ding of bottom surface due to churning of tie in ballad. 

3. Splitting of tie due to wedge action of ballast in cracks. 

4. Injury due to tamping tools. 

5. Breaking of tie ends due to spot surfacing. 

6. Breaking of ties between rails due to centerbinding track. 

It is our experience that on heavy traffic main tracks, as between gravel and crushed 
stone, the degree of these different kinds of damage may be graded as follows: 

On Gravel On Stone Remarks 

1. Indentation Slight Excessive Reaches in hardwood ties on 

stone bailak. 

2. Rounding Very Pronounced Sfi^t Gravel ballast does not interiock, 

and thus hastens abraaon of comers 
of tk. 

3. Splitting Slight Pronounced Gravel as a rule off ere no wedge 

shaped fragments and is too resiltot 
to wedge into cracks and does not 
offer the compacted striking block 
that stone does to hasten the flit- 
ting. 

4. Tamping Noticeable SHght Constant smoothing required on 

Bruises gravel. 

5. Broken Heads Slight Pronounced Spot surfacing and tendency to 

tamp heads only on stone when 
pulling joints, resulting in uneven 
bearing on adjacent ties. 

6. Breaking be- Pronounced SKght Stone is tamped only on head, and 

tween quarter of ties aiffi will not tamp 

itself, while gravel will fill and 
tamp centerbound ties. 

Without any means of evaluating the above classes of damage or to back 

up sudi conclusion, it is felt from present information, a somewhat greater will be 
attained by the average tie on stone ballast than on gravel ballad under identical jmd- 
bed, rail, and traffic conditions. Further study and investigation is to be mack of the 
subject. 

In regard to life of rail on different kinds of ballast, rail may be taken out of servke 
for any of the foDowing caitses: 

1. Inadequate original section. 

2. Reduction of section by wheel wear. 

3. Corrugation by wheel wear. 

4. Detail fractures, fit heads, bolt hole breaks, etc. 

5. Sudden ruptures. 

6. Mashed and battered en<fe. 

7. Reduction of section by chemical action (rust, electrolysis, etc.). 
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Obviously, kind of ballast would have no bearing on causes for removal Nos. 1 , 2 
and 3- 

The effect of different kinds of ballast on the formation of detail fractures and s|^ 
heads is not apparent, but it may be said that bolt hole breaks are more apt to be found 
on gravel and other fine ballast than on stone, for the reason that stone ballast offers 
more rigid bearing to the joint. The same may be said of mashed and battered ends. 

Reduction of section due to rust and electrolysis is limited to rail on cinder in gen- 
eral, and such reduction is accelerated by use of rail as ground for electrical locomotives, 
or other equipment. When cinder ballast is used under rail that serves as ground or 
return side of circuit, the cinder should be kept below the base of rail. Causes have 
been observed w’here base of rail has been reduced as much as ^ inch by electrolysis. 

A checkup of broken rail report data on two trunk line railways showed that by 
far the largest number of sudden ruptures occurred on stone, as opposed to gravel bal- 
last. In fact, certain branches are known to operate for years without any broken ra& 
on gravel ballast. 

However, on looking further into this data, it was revealed that the heavier trafhc 
main lines of both railways were on stone. The new rail was largely laid on these stoiK 
ballast lines, and broken rails due to transverse fissures was frequent because the majority 
of rail was put in service on these lines when new. On the lighter gravel ballasted lines, 
a larger percentage of the rail was relay, and had been tested out on the heavy tra& 
stone ballast territory, where any inherent flaws which cause sudden rupture would be 
brought to light, and defective heats could be weeded out. 

Further study of broken rail records of a larger number of roads will have to be 
made before any definite conclusion may be reached. 

Recommendation 

That the above report be received as information. 


Appendix E 

(6) DETERMINE PROPER DEPTH AND KIND OF SUB-BALLAST 

A D. Kennedy, Chairman, Sub-Committee; C. G. Grove, J. M. Podmore, C. P. Ridiard- 

son, S. A. Seely, J. W. Stone, H. E. Tyrrell, C. H. Zentmyer. 

The Sub-Committee in studying this subject, submitted to the railroads of the United 
States and Canada a questionnaire which is given in detail in Appendix E of the Com- 
mittee’s report for 1932, together with a summary of the replies denoting consensus of 
opinion. 

From the replies received, the Committee concludes that many materials such as 
stone screenings, pit run gravel, cinders, slag, sand, etc., are used for sub-ballast wkh 
satisfactory results, and that, undoubtedly, the availability of supply generally determines 
both the depth and kind of material to use. Therefore, no recommendation is being ma(k 
regarding the relative merits of certain limits, materials of smaller aggregates are to be 
preferred, for such materials have a greater tendency to prevent roadbed materials work- 
ing up into the top-balkst, which is one of the principal functions of a sub-ballast. 

Due to the many factors that must be considered, such as the nature of the roadbed, 
the total depth of ballast, section, character of track, volume and nature of trafBc, etc., 
the Co mmit tee fintfe it impracticable to determine definitely the proper depth of sub- 
ballast, but is of the opinion when the top-baHast consists of large and sub-ballast of 
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small aggregates, a combination of top-ballast and sub-ballast of a ratio to be governed 
by local conditions udll give better results than if top-ballast material were used for the 
entire depth of the ballast section. 

The Committee, in reviewing this subject, finds it advisable to recommend certain 
revisions in the 1929 Manual, as follows: 

1. Definition of Sub-Ballast: To chai^ the present form appearii^ on 
page 93, which reads: “Any material of a superior character which h ^read on 
the finished sub-grade of the roadbed and below the top-ballast to provkie better 
drainage, prevent upheaval by frost and better distribute the load over the road- 
bed,” to read: “That portion of the ballast next to the sub-grade— a strata of 
material superior in character to that in the sub-grade and placed next to it to 
give a better foundation for the top-ballast; provide better drainage and a more 
uniform distribution of the load over the roadbed, acting as a cu^fciion between 
the top-ballast and the roadbed, thereby retarding the action of the roadbed 
material from working up into the top-ballast.” 

2. To change paragraph 4 under the heading “Proper depth of ballast,” on 

page 102, which reads: “A combination of a good sub-ballast 18 to 14 in. and 
top-ballast 6 to 10 in., making a total of approximately 24 in. under the tie in 
the aggregate will produce nearly the same result as though the superior material 
was used for the full depth,” to read: “A combination of a good sub-baQast 
and top-ballast (the ratio of the oi^ to the other bemg upon kKal 

governing conditions) will produce better results than a superior material tised 
for the full depth. The total depth in the aggregate of 30 in. or more below 
the bottom of tie may be required.” 

3. To change captions on pages 103 and 104, which read: “Baiilast Sec- 
tions with Particular Reference to Sub- and Top- Ballast, Cla^ 'A’ sections should 
have 24 inches of ballast under the tie” to read: “Typical Stone Ballast Sec- 
tions with Particular Reference to Sub- and Top-Balkst, Class ^A’ track should 
have 24 inches of ballast under the tie,” to read: “Typical Stone Balkst Sec- 
heading: “Proper Depth of Ballast.” 

4. To change caption on page 105, which reads: “Ballast Sections for 
Gravel Ballast on Class A Roads, Depth of Ballast 24 inches,” to read: “Typical 
Gravel Ballast Sections with Particular Reference to Sub- and Top-Ballad, 
Class ‘A’ track should have 24 inches of ballad under the tie” or as modified in 
paragraph 4 under heading: “Propyer Depth of Ballad.” 


Recommendation 

That the above revision of the Manual be adopted. 
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To the American Railway Engineering Association: 

Your Committee respectfully presents report covering the following subjects: 

2. Methods for obtaining a more intensive use of existing railway facilities, with 
particular reference to securing increased canying capacity. 

(a) Without material additional capital expenditures. 

(b) With due regard to reasonable increases in capital expenditure consistent 
with traffic requirements. 

Report under this assignment is presented as Appendix A, and it is recommended 
that it be received as information. 

5. Methods for determining most economical train length, considering all factors 
entering into transpK)rtation costs, collaborating with Division I — Operating, A.R.A. 

Report under this assignment is presented as Appendix B, aiKi it is recommended 
that it be received as information. 

Progress is reported on the following subjects: 

1. Revision of Manual, including revision of the method for the determination of 
proper allowances for maintenance-of-way expense due to increased use and increased 
investment. 

3. Methods or formulas for the solution of special problems relating to more 
economical and efficient railway operation. 

4. Most economical makeup of track to carry various traffic densities, collaborat- 
ing with Committees I — Roadway, II — ^Ballast, III — ^Ties, IV — Rail, V — ^Track and 
X — Signals and Interlocking. 

6. The effect of volume of traffic on railway operating expenses, collaborating 
with Committee XXII — ^Economics of Railway Labor. 

7. Discontinuance of non-paying trains and agencies, reiniered so by all foma nf 
highway competition. 

8. Operation with reduced number of main tracks. 

Respectfully submitted. 

The Committee on Economics of Railway (Deration, 

J. E. Teal, Chmrmm. 

BoUetm 353, January, 15^3. 
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Appendix A 

(2) METHODS FOR OBTAINING A MORE INTENSIVE USE OF 
EXISTING RAILWAY FACILITIES, WITH PARTICULAR REF- 
ERENCE TO SECURING INCREASED CARRYING CAPACITY: 

(a) Without material additional capital expenditures. 

(b) With due regard to reasonable increases in capital expendi- 
tures consistent with traffic requirements. 

M. F. Mannion^ Chairman, Sub-Committee; B. T. Anderson, R. C. BardweU, J. H. 
Dyer, S. W. Fairweather, G. D. Hughey, E. E. Kimball, L. S. Rose, B. J. Schwendt, 
R. E. Van Atta, Barton Wheelwright. 

FORECAST OF EVIPROVEMENT IN TRAIN OPERATION ON A SINGLE TRACK 
RAILROAD EQUIPPED WITH SHORT SECTIONS OF DOUBLE TRACK 
WITH SPRING SWITCHES AND C.T.C. CONTROLLED 
MANUAL BLOCK 

History 

During the past few years this Committee has presented reports covering the 
effect of various changes in operating conditions upon freight train performance, em- 
bracing the effect on freight train performance of: 

(1) the number of trains per day, (2)- length of engine district, (3) double track- 
ing, (4) passenger train operation, (5) supervision, (6) substituting heavy steam power 
for light, (7) installing automatic signals, (8) centralized traffic control and (9) con- 
verting double track into single track. 

The study covering the effect of centralized traffic control on train performance was 
presented in 1930, and covered the first complete installation of signal dispatching 
whereby trains were operated by signal indications on single track without written train 
orders or timetable superiority. This year the Committee submits a report which fore- 
casts the economies that may be expected by the installation of a modified centralized 
traffic control system for controlled manual block operation of a single track railroad 
equipped with short sections of double track with spring switches. 

Description 

The North and South Railroad was built a number of years ago for the purpose 
of opening up a territory rich in virgin timber and coal deposits. The main operating 
division of this line extends from a classification yard to two assembling yards about 
100 miles and 123 miles distance, respectively. Traffic moves into the assembly yards 
from various branch lines. In addition to mines located above the assembly yard, there 
are a number of min^ intermediate between the assembly yard and the classification 
yard, which has a substantial bearing upon the freight train operation on this division. 

The track plan and profile of this engine division is shown on Fig, 1. An analysis 
indicates that there are 123 miles of first main track; 35 miles of second track, which is 
distributed in four sections; 11 passing sidings of 110 car capacity and under 140 car 
capacity, and 4 passing sidings of 140 car capacity and over. Of the second track mile- 
age, 23.6 miles were put in operation since 1924, including 20.2 miles in 1925, 3.3 miles 
in 1929, and 0.1 mile in 1930. The ruling grade adverse to loads is .25 per cent. 46 per 
cent of the mileage has either level or adverse grades to traffic, of which 17.3 per cent 
has grades up to .25 per cent, and 8.3 per cent has short grades up to 1.00 per cent. 
62,2 miles are curved and 60.9 miles are straight. There are 58 curves in excess of 
6**, 26 betwe^ 6® and 7®, 12 between 7° and 8®, 13 between 8® and 9®, and 7 between 
9° and 11°. 49.2 per cent of the rail is 100-Ib. and 50.8 per cent is 130-Ib. 
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Train Service 

There are four classes of trains operated on this line, i. e., passenger, time freight, 
slow freight, and local freight. Two local passenger trains are operated in each direction 
daily. Normally two time freights are operated in each direction daily. The number 
of slow freight trains varies with the volume of traffic. One local freight is operated 
Ktch way daily except Sunday. 

Power 

Time freight trains are operated with mikado type locomotives, with booster, having 
a tractive effort of 74,700 lb. Both mallet type and mikado type locomotives are 
used in handling slow freight trains. The mallet type locomotives have a tractive 
effort of 74,400 and 77,900 lb. Prior to November, 1931, both time and slow freight 
trains were operated with mallet locomotives. The mallet locomotives are equipped 
with engine tanks having 12,000 gallons capacity and the mikados are equipped with 
engine tanks having 16,000 gallons capacity. 

Operation of Trains 

Referring to Fig. 1, trains are operated at the present time between “A” and “B” 
by timetable, train orders and automatic block signals; between points “B” and “H” 
trains are operated by timetable, train orders and manual block. The maximum speed 
between “B” and “H” is 45 miles per hour for passenger trains, 35 railes per hour for 
time freights, and 30 miles per hour for slow freights. 

Table 1 shows average freight train performance daily for the years 1924 to 1932, 
divided northbound and southbound and total. 


Table 1 


TIME FREIGHT 


Northbound 


No. 

Trains 

Per 


Year 

Day 

1924 

3.0 

1925 .... 

3.1 

1926 .... 

2.1 

1927 .... 

2.0 

1928 .... 

2.0 

1929 .... 

2.0 

1930 .... 

2.0 

1931 .... 

2.0 

1932* ... 

2.0 

1924 .... 

8.6 

1925 .... 

7.5 

1926 .... 

12 

1927 .... 

6.7 

1928 .... 

5.9 

1929 .... 

6.0 

1930 .... 

5.0 

1931 .... 

3.6 

1932* 

23 


* Nine moathg, 


Train 


Load 

Speed 

1,470 

11.4 

1,418 

12.4 

1,663 

13.8 

1,785 

14.2 

1,753 

17.1 

1,714 

18.9 

1,374 

20.0 

1,434 

19.7 

1,603 

20.3 

1,546 

9.5 

1,514 

10.2 

1,598 

10.7 

1,744 

10.6 

1,790 

12.0 

1,835 

11.7 

1,954 

12.9 

2,136 

13.3 

2,362 

15.5 


Southbound Total 


Gross 

Ton 


No. 

Trains 

Per 

Day 

Train 

Load 

Speed 

No. 

T rains 
Per 
Day 

Train 

Load 

Speed 

MUes 

Per 

Day 

(1000) 

1.8 

2,525 

11.0 

4.8 

1,872 

11.2 

1,048 

2.0 

1,453 

13.1 

5.1 

1,431 

12.8 

947 

2.0 

1,594 

13.4 

4.1 

1,628 

1,677 

13.6 

913 

2.0 

1,568 

14.3 

4.0 

14.3 

930 

2.0 

1,591 

17.3 

4.0 

1,672 

17.2 

929 

2.0 

1,611 

18.1 

4.0 

1,663 

18.5 

924 

2.0 

1,409 

20.8 

4.0 

1,392 

1,358 

20.4 

773 

1.9 

1,286 

23.6 

3.9 

21.7 

737 

1.0 

1,421 

25.4 

3.0 

1,543 

21.8 

643 

SLOW FREIGHT 

9.7 4,467 8.S 

18.3 

3,140 

9.0 

4,264 

5,350 

8.5 

4,764 

8.9 

16.0 

3,247 

9.6 

8.0 

5,022 

9.2 

15.2 

3,384 

10.0 

5,574 

7.6 

5,496 

9.5 

14.3 

3,730 

10.1 

5,757 

6.7 

5,507 

10.8 

12.6 

3,759 

11.4 

5,241 

6.8 

5,619 

10.3 

12.8 

3,838 

11.0 

5,442 

5.6 

5,992 

11.0 

10.6 

4,065 

12.0 

4,801 

4.1 

6,464 

11.5 

7.7 

4,432 

12.4 

3,808 

3.4 

6,528 

13.7 

5.7 

4,923 

14.3 

3,173 


In additicm to the above, 2 pa^nger trains were oi>erated in each direction daily, and 
1 local fre^ht was c^erated in each direction daily except Sunday during the entire 
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The maximum traffic occurred in 1927 when 14.3 slow freight trains produced an 
average of 5,757,000 gross ton miles per day. The average speed of slow frei^t trains 
between terminals was 10.0 miles per hour. This traffic density was substantially main- 
tained until 1930 when the traffic decreased on account of general busmen conditioiB, 
Additional second track and other improvements, installed between 1924 and 1929, were 
largely responsible for the increase in the average speed of slow freight trains from 
9.0 miles per hour to 11.0 miles per hour. Studies were made for completing the sec- 
ond track, about 62 miles between points “C’’ and ‘‘G”, estimated to cost over 
$5,250,000. This could not be justified and attention was then given to some other 
means of effecting improved operation with a expenditure of capital, resultii^ in 
the study of re-arranging passing sidings to form short stretches of double track with 
spring switches and C.T.C. controlled manual block. 


FACTORS TO BE CONSIDERED IN COMPARING THE PRESENT TRACK 
LAYOUT AND METHOD OF TRAIN OPER.\TION WITH THE PROPOSED 
TRACK LAYOUT AND C.T.C. CONTROLLED M.\NUAL BLOCK 
METHOD OF TRAIN OPERATION 

It is apparent that in studying the effect of train operation under the two typ^ 
of track layout, due consideration should be given to the following factors: 

(1) Present and proposed track and signal layout. 

(2) Expenditures necessary in connection with track changes. 

(a) Present traffic. 

(b) Future traffic. 

(3) Effect of proposed track plan on 

(a) Track and other maintenance. 

(b) Taxes. 

(c) Train operation. 

(d) Cost of transportation. 

(e) Track capacity. 

(4) Comparison of present and proposed methods of freight train movements. 

(a) - Timetable, train orders, and manual block. 

(b) Timetable and C.T.C. controlled manual block. 

(5) Annual savings and return on expenditures. 

After the foregoing factors have been given due corekieration aiwl a summary has 
been prepared, a conclusion can be drawn as to the fea^bility of the proposed 

Present Track I*ayout 

The section of track selected for thk study to be chained for C.T.C. operation, as 
shown in Fig. 1, is between two main junction points “B” and “G” and covers a 
territory of approxiinately 84 miles. The present track layout on this portk>n of the 
line consists of 22 mil^ of double track and 62 miles of single track. The (ffiuble track 
B divided into three sections, one extending south from the northerly junction point, a 
distance of aj^wroximately 8 miles, and one extending north from tlMs souti^iy junctioii 
point, a distance of aj^roximately 4 miles. The other double track section, con^^lng 
of approximately 10 miles, is located between Mileposts 58 aiKi 68, in a territory where 
two Knes connect to the main track and where coi^iderabte switchi^ work is 

done. There are 14 passing adings in the 62 miks of siii^le track, varyn^ in tei^gth 
from 1100 to 11,000 feet. 
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Train movements are handled by timetable and train order system with manual 
blocking, the blocks vaiydng in length from 2 to 17 miles. 

There are two small and one large interlocking plants in this territory, the large 
plant being located at the north end of the territory and the small ones at each end of 
the 10 miles section of double track, while at the other two ends of double track the 
switches are hand thrown and handled by the operators. 

There are 12 block offices in this territory — 

6 being operated 3 tricks per day 

3 “ “1 trick “ “ 

Proposed Trace: Aim Signal Plan 
Proposed Track Layout 

Fig. 2 shows the proposed track and signal plan which is based on the removal of 
8 of the existing passing sidings, extending 5 to a length of approximately 3 miles each 
and converting them into double track, and extending the north end of present double 
track near Milepost 80, a distance of approximately 2 miles. The reason for providing 
the 3 mile sections of double track is to provide proper means for allowing 2 trains in 
the same direction to meet opposing traffic. There will be 8 double track sections in 
the 84 mile territory. This is being accomplished by requiring only approximately 6000 
feet of additional track. 

The proposed signaling includes: 

1. Continuous track circuits throughout the entire territory. 

2. Controlled manual block signals located at each end of the double track sec- 
tions, except between Mileposts 58 and 68 automatic block signals will be used to pro- 
tect two junction points and switching territory. The controlled manual block sections 
will vary' in length from 3 to 7 -miles. 

3. Spring switches will be used at each end of the double track sections; except 
at a few locations where it may be found desirable to reverse traffic for expediting 
train movements, power operated switches will be provided. 

4. Continuous OSing information will be furnished the dispatcher by providing 
forty-six OSing points in lieu of a maximum of twelve under present operation. 

5. Signals will be of the color light type, the block signals displaying three indi- 
cations, namely; stop, permissive, and proceed. The automatic signals will be of the 
3 position type. An approach indication is provided for each controlled manual block 
signal governing movements into the single track sections. 

6. The C.T.C. system is of the two wire code type, the control machine being 
located in the dispatcheris office, a distance of approximately 6 miles north of the 
northerly junction point of the 84 mile territory. 

Under the C.T.C. system trains will be operated by signal indication superseding 
timetable and train order rights. The dispatcher establishes meeting and passing points 
as conditions require. 

The system is so designed that proceed indication cannot be displayed on the 
controlled manual block signals unless the block is clear and all the switches are in 
proper jmsition. Provisions are made, however, for allowing following movements in 
the same block by permissive indication. The system is designed so that neither pro- 
c^d nor permissive indication can be given for opposing movements in the single track 
sections. 

Normalty, the movements on the double track sections will be with the current of 
traffic, ex(^pt at certain locations where power operated switches are provided, reverse 
operation may be made by signal indication. 
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The modified C.T.C. system herein described was designed to provide for an eco- 
nomical system of train operation by signal indication for light traffic. It does not 
contemplate a complete installation at this time, however, it is so designed that addi- 
tional automatic block signals, replacing controlled manual block signals can be added 
when, and as required by traffic conditions at minimum expense. 

Expenditures Necessary in Connection with Track Changes 

Table 2 shows the estimated cost of the proposed facilities aggregating $854,475 
chargeable to A & B and $170,104 chargeable to Operation, or a total of $1,024,579. 
It is estimated that the proposed facilities will not only enable the handling of the 
present business more economically, but they will satisfactorily take care of any sub- 
stantial increase in business which can be reasonably estimated for the future. 


Table 2 

ESTIMATED COST OF PROPOSED SIDE TRACK EXTENSIONS AND 
SIGNAL LAYOUT 



Direction 

Length 

A&B 

OE 

Total 

«-j 

. North 

6,800 L.F. 

$133,720 

$ 16,680 

$ 150,400 



. South 

5,000 “ 

145,250 

11,770 

157,020 

**3” 

(( 

7,800 “ 

123,500 

7,350 

130,850 

“a” 

(( 

6,000 “ 

109,920 

9,150 

119,070 

“5” 


5,400 “ 

101,510 

7,200 

108,710 

“6” 

. North 

10,800 “ 

123,600 

6,400 

130,000 

Totals 


41,800 L.F. 

$737,500 

$ 58,550 

$ 796,050 

Sidings to be retired 

35,370 “ 

Cr. 79,805 

73,409 

Cr. 6,396 




$657,695 

$131,959 

$ 789,654 

Signals 



196,780 

38,145 

234,925 

Totals 


6,430 L.F. 

$854,475 

$170,104 

$1,024,579 

Side track extensions 

involve the substitution 

of No. 16 

turnouts, 130-lb. rail, for 


No. 10 turnouts. 


Effect of Proposed Track and Signal Plan 

(a) The proposed track plan increases the track mileage to the amount of 6,450 
linear feet, which will add a maintenance expense of about $2,500 per annum. The 
proposed signal layout will add a maintenance expense estimated at $9,500 per annum, 
making a total increased maintenance expense of $12,000 per annum. 

(b) It is not anticipated that the proposed improvements will increase the taxes 
on this line. 

(c) Fig. 3 shows a chart of the slow freight train performance, plotting the 
gross ton miles against the average running time per train for the years 1924 to 1932, 
inclusive. Lines “AB” and “AC^' show 1924 and 1930 performance. 

This chart shows an improvement in operations each year from 1924 to 1930. On 
the basis of 1924 tonnage this improved operation resulted in a reduction in running 
time per train of 3.2 hours, or approximately 29 per cent, and an increase in capacity 
of approximately 107 per cent. 

The increased improvement in operation between 1924 and 1930 were brought about 
by intensive studies from time to time of the operations on this division, which resulted 
in additional second track, relocation and lengthening of sidings, relocation of water sta- 
incr^sed weight of rail and better maintenance conditions, embracing roadway and 
track, change in time of trains, heavier power, and larger engine tanks. 
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In addition to the actual performance for the years 1924 to 1930, inclusive, the 
estimated performance for the proposed track plan and C.T.C. signal layout on the 
basis of 1930 tonnage is shown by the line “AD". 

From a study of the train sheets, it fe ^timated that 1.8 hours per train will be 
saved, or a reduction of approximately 22 per <^nt. This was determined by a pre- 
liminary study of train movement diagrams, covering typkal days in 1930 ai«l 1931. 
On October 22, 1930, in addition to 4 pia^nger, 2 local and 4 tim# * freight trails oper- 
ated on this line, there were 12 slow freight trains. The movements of these trains 
were plotted on a large time and distance scale diagram, a sectkjn of which is repro- 
duced on Fig. 4 for the period between 7 A.M. and 6 P.M. Maintaining the ^me 
leaving time at the initial terminals, the traiz^ were then redispatched by the 

various movements after the installation of the proposed C.T.C. system. 

The method of graphic redispatching consists of plotting a record of all trains 
as they actually ran, on time and distance train charts, and recording the cause of all 
delays that it is possible to hnd. After this has been done, each delay is analyze aiKi 
the train is advanced by drawing in new lines, if it can be determined definitely or is 
believed, that, with the additional facilities for receiving information and issuing or- 
ders, the train would have advanced to aimther siding for the n^t or In advanc- 

ing trains on the (diart, the same sp&^ is used as was made in the original operation, 
with the exception that a train is advanced from one to six minutes each time it goes 
through a switch, depending on the loading of the train. 

By reason of the traffic density, as indicated by diagonal lines on F%. 4, it h im- 
practicable to show the redispatched train movement diagram under the proposed system 
superimposed over the actual train movement diagram. However, the probbm is out- 
lined diagrammatically on Fig. 5, whkii shows the meeting of 2 trains at passing siding 
“A”. At the lefthand side of this diagram, the present trade, plan is indicated diowing 
5 short passing sidings. Adjaant thereto the propcs^ track plan is iiwiic^ited, showii^ 
3 short sections of double track. With this rearraj:^emait of the track uiKier the 



Djagram Showing Method or ReDisfatcwngT^ns 
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C.T.C, dispatching system, the 2 trains that met at passing siding “A”, one of which 
sustained a delay of about 2 hours, would meet on the short section of double track 
and pass at “B” without stopping, thereby, in this case, entirely eliminating the delay. 
This redispatched movement is shown by the dash line. 

Each train movement during the 24-hour periods was studied, and the delays 
were analyzed, keeping in mind that useful delays such as for switching, taking water, 
etc^ would not be changed, except that in taking water prolonged delays which were 
probably due to interference between trains would be sometimes shortened. The move- 
ment of passenger trains as per schedule is generally fixed. The same is generally true 
as to time freight trains. Therefore, the redispatching study usually only affects tl^ 
movement of slow freight trains. The result of the study for October 22, 1930, h 
tabulated^ in Table 3, from which it will be seen that an average saving of 1 hour 
46 minutes per slow freight is forecast. 

TJtBLB KD. 5 



Tabulation, ito. 


iferth and South. Hallroed 
Between **(?♦ emd "G" 

Train Time Data for Trains of m/22/1930 


In order to develop this method with a reasonable degree of accuracy, a study of 
fre^ht train operation over 10 or 15 consecutive days, or a sufficient period to obtain 
the i)erformance of 100 or more trains under the most favorable operating conditions is 
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recommended. The general procedure has been outlined by this Committee and pub- 
lished in the Proceedings, Vol. 32, page 670, under the heading “Log of Fre%ht Train 
Performance.” 

On the basis of 1 hour 46 minutes per slow freight train operated over the 85 mile 
territory, the equivalent saving per mile is 1.2 minutes. This happen to be the average 
time saved per mile on 10 CT.C. systems installed in this country. 

It is a well-known fact that the train load of heavy tonnage trains is reduced 
during periods of very heavy traffic or extremely coki weather, in order to facilitate 
the movement by reducing the delays resulting from stops. Therefore, it k estimated 
that by the elimination of train stops, etc., it will permit an increase in train load of 
15 per cent. The estimated increase in tonnage is supported by the increased tonnage 
per train from 1924 to 1932, as shown by Table 1. Between 1924 and 1932, the ton- 
nage per train has increased 1,783 tons, or 57 per cent. In 1932, the tonnage increased 
858 tons per train, or 21 per cent, over 1930, and in 1932 the tonnage increased 491 
tons per train, or 11 per cent, over 1931. As this increased tonnage was the result of 
eliminating stops, etc., an estimated additional increased tonnage of 15 per cent for the 
proposed track plan and C.T.C. is reasonable. 

The performance line “AD” for the proposed track plan and C.T.C. s%nal layout 
was, therefore, plotted for a 15 per cent increased tonnage over 1930 tonnage and a 
reduction in 1930 running time of 1.8 hours. 

The reduction in running time on the basis of 1930 tonnage under the proposed 
track plan and C.T.C. signal layout would be 2 hours per train, or 24 per cent, and the 
increase in capacity would be ISO per cent. 

A computation of the train miles and train hours that will be saved, based on 
1930 operation, is as follows: 

Trains 

Present =33^ trains 

Proposed at 15 per cent heavier loading = 33^6 — 1.15 = 3,362 trains 

Train Miles 

Present 3,866 trains X 100 miks = 386,600 train miks 

Proposed 3,362 “ X 100 “ =; 336300 “ 

Total train miles saved 50,400 or approx. 13 per cent 

Train Hours 

Present 3,866 trains X 8.3 hours = 32,088 train hours 

Proposed 3,362 “ X 6.3 “ = 21,181 “ “ 

Total train hours saved 10,907 or approx. 34 per cssst 

If no credit is taken for an increased train load, the above computation wOl be: 
Present 3,866 X 8.3 trains = 32,088 train hours 
Proposed 3,866 X 6.3 “ = 24^56 “ “ 

Total train hours saved 7,732 ox appiox. 24 pm: ce^ 

(d) The train service cost of operating slow freight trains on this Bne, under pres- 
ent conditions or under the conditions that exMed in previous years, can be climated 
to a reasonable degree of accuracy either on per train hour or per train mik ba^. To 
uompare with this cost, it is necessary to estimate the co^ per tram hour or per tram 

that wiE obtain after the proposed facilities have been provkkd, keepii:^ in mind the 
necej^ty to equate the varying unit costs such as wages, fuel, etc. After tb^ co^ 
have been ascertained, they may be appEed to the above units, aid the annual savn^ 
and rd:um on the expmiditures may readily be obtained. 
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Conclusions 

Where the distribution of traffic on existing lines results in considerable overtime 
under timetable, train order, and manual block system, consideration should be given to 
a rearrangement of tracks by eliminating passing sidings, providing short sections of 
double track, and installing a system of C.T.C. controlled manual block for directing 
train movements by signal indication, which will provide: 

1. Reduction in overtime by eliminating excessive delays and stops at meeting and 

passing points, shorter block lengths, reduction in running time, and a reduc- 
tion in the number of water stops. 

2. Increased track capacity. 

3. Increased train load. 

4. Increased safety in train operation. 

5. Increased flexibility of operation by directing train movements by signal indication. 

6. Reduction in transportation expense. 


Appendix B 

(5) METHODS FOR DETERMINING THE MOST ECONOMICAL 
TRAIN LENGTH CONSIDERING ALL FACTORS ENTERING 
INTO TRANSPORTATION COSTS 

L. S. Rose, Chairman, Sub- Committee; H. C. CroweU, W. W. Houston, G. D. Hughey, 

E. E. KimbaU, J. A. Parant, W. C. Sloan, H. W. Snyder, R. E. VanAtta, John Worley. 

On account of the numerous factors which enter into the problem of determining 
the most economical train length, it seems necessary to begin by classifying as many 
factors as possible into groups and from a study of the various groups determine what 
effect each group has on the final results. For any particular case there will be a num- 
ber of conditions in each group which can be considered more or less fixed and a num- 
ber of conditions which can be varied. By substituting various values for the variable 
conditions the effect of these variations can be determined for the different groups and 
by considering the effect of all the component groups it is theoretically possible to find 
a set of conditions which will show when the greatest economy has been reached. 

The factors having to do with track capacity comprise one group. These have been 
quite thoroughly discussed in reports recently submitted by this Committee and hence 
need not be repeated here. 

Another group includes those factors which have to do with motive power capacity, 
another group with capital investments, and a fourth group with operating and main- 
te n a nce expense. It may be necessary to consider other groups besides those mentioned 
before a final solution is obtained. 

In taking up the motive power group the conditions found are very mudi involved 
unle^ care is taken to correlate conditions so that they can be handled together. The 
method employed in an attempt at simplification is described in Exhibit A of 
this Appendix. A s ummar y of the Exhibit and general tables derived therefrom are 
given later. 

Up until about five years ago the characterktics of steam locomotives conformed 
very closely to Cole’s ratios; that is, locomotive proportions generally followed those 
developed by Cole and adopted by locomotive manufacturers about twenty years ago. 
During the past five years a number of changes have been made in locomotive designs, 
partknlarly as regards the size of firebox, area of grates and design of superheaters 
whidi, together with the addition of feed-watar haters and other accessories, have added 
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greatly to the cafKicity and efficiency of steam locomotives. likewise ti^ adoption of 
large engine tanks has become more or less general even for some of the ^trlier locomo- 
tives which were originally equipped with smaller tanks. As a i^ilt there is a ciilerence 
between the so-called new line and old fine of locomotive whkh b imt <xwer^ by 
Cole’s formula. For this reason it will be necei^ry to trtat the lii^ of locomotive 
as special cases until sufficient data have b^n col^cted to revfee Cofe’s formiihi. 

One of the first steps in this study has been to clasafy various types of k>co- 

motives according to the percentage of weight on drivers, Sone of tie detaife of thfe 
investigation are given in the Exhibit. Fig. 1 pves a sumimtry of the data collected as 
regards familiar t^pes of road locomotives and shows that the wei ght on drivers for 
various classes of locomotives varies from 30 per cent to 70 per cent of tht total we%ht 
of locomotive and tender. The corr^>onding weight of engine without tenc^r varks 
from about 58 per cent to 70 per cent of the total weight which n^ns that tl^ temier 
constitutes between 42 and 30 per cent of the total wei^t of tlK locomotive. The latter 
relation is nearly the correct proportion for tenders of uniform caj^city for all locomo- 
tives with the same weight per driving axle. 


CirAKT Showtntg Typical WEmur Distribution and Hos^power Capacities Over a 
Wide RAN(ns of Lxjcomotive Designs. 
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This ^udy also brii^ out the fact that the cylinder horsepower per ton o® drivers 
decreases as the p)ercentage of wd^t on drivers increases. Ukewfee the bo9er ia^se- 
power decreases, but at a more rs^)id rate than the cyfiiKkr horsepow^ as the perceaata^ 
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of wej^t on drivers increases. This is an indication that the boiler is the limiting 
feature of steam locomotives. 

Apparently there is a sharp dividing line between rigid frame and articulated type 
locomotives due to the fact that a large number of the articulated type locomotives are 
compound. Some of the older types of rigid frame locomotives such as the consolidation 
and decapod locomotives also fall in the class with articulated type locomotives. 

Some of the more recent designs of locomotives due to various improvements will 
fall in another class in the range between 30 and 40 per cent weight on drivers as tenta- 
tively indicated by dotted lines designated new designs. 

Having established a relation between horsepower and percentage weight on drivers, 
it is a simple matter to compute the maximum tonnage rating as well as the tonnage 
rating which will produce the maximum gross ton miles per hour on various grades for 
various classes of locomotives and trains. Thus, if the weight on drivers for a given 
locomotive is 40 per cent of the total weight including tender, then by referring to the 
chart in Fig. 1 it will be found that the corresponding boiler horsepower per ton on 
drivers is 25. By computing the speed tractive effort curves corresponding to 25 horse- 
power per ton on drivers the speed for any weight train can be obtained by assuming 
various grades and values of train resistance. 

In order to have a ready means of checking the tonnage ratings of various types of 
locomotives, the following tables covering four classes of locomotives and three classes 
of trains, namely, Manifest, Coal and Ore trains and Empty trains have been prepared. 
These tables give the proper tonnage rating to obtain the maximum gross ton miles per 
hour on various grades, the corresponding speed and the theoretical maximum gross ton 
miles per hour per ton of locomotive. In addition the maximum trailing tonnage which 
can be hauled behind the tender is given in columns headed A. These tonnages are based 
upon a tractive effort equal to 25 per cent of the weight on drivers, assuming that 
boosters will be able to supply the additional tractive effort necessary to get started. 
The figures in parentheses following the letter “A” give the speeds at which the maximum 
tonnage corresponding to any grade can be hauled limited by the boiler capacity of the 
particular t3q>e of locomotive under consideration. 

For example, assume a locomotive having 40 per cent of its weight on drivers and 
that it is de^ed to find the maximum tonnage rating, also the tonnage rating which will 
produce the greatest gross ton miles per hour with a coal train on a .3 per cent grade. 

By consulting Tabk 1, page 550, column B of the third group and the line corre- 
sponding to .3 per cent grade, the corresponding tonnage is found to be 9.19 or 9.19 times 
the weight of locomotive including tender. The speed is found to be 29.6 miles per hour 
and the theoretical maximum gross ton miles per hour 272; that is, 272 times the weight 
of locomotive and tender. The latter figure is the product of 9.19 X 29.6 trz 272. 

The maximum tonnage rating 19.88 on a .3 per cent grade is found in like manner 
in Column A which also gives the speed 9.88 in parenthesis. The product of 19.88 X 9.88 
gives 196 gross ton miles per hour which is about 72 per cent of the theoretical maximum 
gross ton miles per hour. In other words, if the entire road were on a .3 per cent grade 
against the loaded trains, the maximum gross ton miles would be obtained if the tonnage 
for this particular class of locomotive were limited to about 46 per cent of its m ainTmim 
tonna^ rating. This ratio varies with the class of power, kind of train and with the 
grade. 

If the road were mostly level, the tonnage rating to produce the theoretical maxi- 
n^im gnoss ton mites hour ovct the level portions is found to be 20.69 times the 
of ,^ie locomotive and tender. This is slightly in excess of 19.88, the maTiTmim 
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tonnage rating on a .3 per cent grade for locomotives having 40 per cent or more of 
their weight on drivers. On such a road assuming no “fill outs”, the limiting tonnage on 
.3 per cent grade would be controlling and would produce very nearly the maximum 
gross ton mfies per hour on level track. Theoretically the gross ton miles per hour 
would be 196 on .3 per cent grade and between (19.88 X 33.1) = 658 and 685 on level 
track. The mean value 672 divided by 19.88 will give the corresponding speed, 33.8 
m.p.h. 

If the maximum grade were .2 per cent instead of .3 per cent, the maximum tonnage 
rating 25.39 on .2 per cent grade produces 25.39 X or 251 gross ton miles per hour 
and on level track it produces between (54.87 X 9.88) = 542 and 685 gross ton miles 
per hour. In order to find the corresponding speed it is necessary to interpolate between 
542 and 685 because the speed wiU be between 9.88 and 33.1 since 25.39 is greater than 
20.69, the weight on level track corresponding to 33.1 miles per hour. 

By interpolation the difference between 20.69 and 25.39 divided by the difference 
between 54.87 and 20.69 and multiplied by the difference between 685 and 542 gives 
4 70 

24 ^X 143 != 20. Subtracting 20 from 685 gives 665 gross ton miles per hour on 
level track. The corresponding speed can be found by dividing 665 by 25.39 equals 26.2. 

The following example is given to illustrate the application of these tables to a 
simple case. 

Given a road 100 miles long composed of 25 miles of .2 per cent up-grade, 50 miles 
of level track and 25 miles of .3 per cent down-grade over which it is proposed to haul 
coal in one direction and empty cars in the opposite direction; find the time and gross 
ton miles per hour for round trip excluding all delays, assuming a locomotive having 
40 per cent of its weight on drivers. 

Using the results derived above, the maximum tonnage rating for a coal train on 
.2 per cent grade is 25.39 tons per ton of locomotive, including tender. The correspond- 
ing speed is 9.88 miles per hour. The speed of a coal train weighing 25.39 times the 
weight of the locomotive on level track has been found above to be 26.2 miles per hour. 
The speed on .3 per cent down-grade will depend upon the speed limits imposed, assume 
35 miles per hour. 

Thus the time required to make the run of 100 miles with loaded train exclusive of 
stops or slow-downs is 25/9.88 plus 50/26.2 plus 25/35 or 5.14 hours, which is equivalent 
to an average speed of 19.5 miles per hour over the entire line. The product 25.39 X 19.5 
gives an average of 494 gross ton miles per hour. 

It can be assumed that the empty train in the opposite direction will weigh one- 
fourth as much as the loaded train or 6.35 times the weight of the locomotive and 
tender. From inspection of the table under empty trains, it will be seen that the weight 
of the empty train is between the weights given in columns A and B for .3 per cent 
grade. The speed corresponding to a train weight of 6.34 times the weight of locomotive 
and tender can be obtained by interpolation as explained above; that is, 

6.34 — 6.13 

’ 12.75 “ — 6.13 X (165 -- 9.88 X 12.75) == 1.2 

Subtracting 1,2 from the maximum gross ton miles per hour, 165 — 1.2 r= 164 approxi- 
mately. Dividing 164 by 6.34 gives 25.9 miles per hour for the speed on the .3 per cent 
up-grade. 

The speed on level track for an empty train weighing 6.34 times the weight of the 
locomotive can be found by noting that the speed for a train weighing 8.84 times the 
wei^t of the locomotive is 29.4 miles per hour and the maximum gross ton miles per 
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hour is 260. The gross ton miles per hour for a train weighing 6.34 times the weight 
of locomotive must be less than 260 and more than (6.34 X 29.4) = 186. Taking the 
average value for gross ton miles per hour 223, and dividing by 6.34 gives 35-f- miles 
per hour which is slightly above the speed limit assumed.* 

The speed on the .2 per cent down-grade will likewise be above the speed limit, 
hence 35 miles per hour will be taken for the speed over the down-grade section. Hence 
the running time excluding all stops and delays will be 25/25.9 plus 50/35 plus 25/35 
equals 3.11 hours and the average speed 100/3.11 equals 32.2 miles per hour. The gross 
ton miles per hour for the return trip with empty train amounts to 6.34 X ^2.2 equals 
204. The average gross ton miles per train hour for the round trip therefore amounts 
to 347 times the weight of locomotive and tender. 

If the proposed locomotive and tender weigh 470 tons, then the gross ton miles per 
hour for the round trip considering only the possibilities of the motive power will equal 
347 X 470 or 163,000 exclusive of locomotive and tender. The gross ton miles per hour 
obtained in practice will be much less than derived in this manner because of the effect 
of track capacity and delays inherent in the methods of operation. When applied to 
various classes of steam locomotives, the results ■will be comparative so far as the motive 
power alone is concerned. 

As a matter of general information, the following table gives the average gross ton 
miles per hour exclusive of locomotive and tender obtained from reports published by 
the Interstate Commerce Commission for the past eleven years. 


Table 2 


Gross 

Ton Miles per Hour per 

Ton of 

Locomotwe for 

Railways in the 

Ujuted 



States 1921-1931 




T railing 

GTM. 


Trailing 

G.TM. 

Year 

Tons 

Ter Hr. 

Year 

Tons 

Per Hr. 

1921 . 

7.00 

90.6 

1927 

7.48 

104.0 

1922 . 

7.06 

87.8 

1928 

7.56 

110.1 

1923 . 

7.22 

89.0 

1929 

7.50 

111.6 

1924 . 

7.24 

93.2 

1930 

738 

114.5 

1925 . 

7.40 

97.6 

1931 

8.00 

114.8 

1926 .. 

7.45 

100.2 

1932 




In order to obtain a mathematical solution of the problem for finding the maximum 
gross ton miles per hour it has been necessary to derive an empirical equation which 
win closely approximate Coleys ratios or the actual characteristics of steam locomotives. 
Such an equation has been used to determine the speed which will give the theoretical 
maximum gross ton miles per hour on any grade or for any class of train or locomotive. 
Given the speed the corresponding tonnage can be obtained. 

The equation developed for this purpose is based on locomotives equipped with a 
booster or engine equipped tender to supply the higher tractive efforts at low speed. In 
some types of locomotives the theoretical maximum gross ton miles per hour obtained 
mathematically require the use of the booster continuously, but in practice such condi- 
tions do not arise because other types of locomotives better suited for the service are 
employed. 

In general, there are about four classes of trains; namely, passenger trains, manifest 
freight trains, coal or ore trains and empty freight trains. In the case of passenger 


* When the tonnage hauled is less than that shown in Column B for the conditions involved, it is 
necessary to compute the corresponding gross ton miles per hour from which the corresponding speed 
can be obtained. The corresponding gross ton miles per hour is approximately the mean between the 
maximum gross ton miles per hour corresponding to the tonnage given in Column B and the product 
of the tonnage hauled times the speed corresponding to the maximum gross ton miles per hour. The 
speed can be obtained by dividing the mean gross ton miles per hour by the tonnage hauled. 
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trains the most economical train length does not enter into the problem because the 
question of speed is more important. To some extent speed is important in some classes 
of manifest freight, particularly where the trains are made up of refrigerator cars. It 
has been assumed that the problem chiefly applies to typical manifest trains made up 
of all types of cars loaded with miscellaneous products and averaging about 40 tons per 
car. The problem also applies to typical coal and ore trains made up of cars weighing 
about 80 tons per car loaded, and in some cases to empty cars weighing about 20 tons 
per car light. 

In other words, the tables showing the tonnage rating and corresponding speed to 
obtain the maximum gross ton miles per hour per ton of locomotive weight have been 
computed on the basis of three different values of train resistance; namely, on the basis 
of four-axle freight cars weighing 40 tons per car for manifest trains, four-axle freight 
cars weighing 80 tons per car for coal and ore trains and four-axle freight cars weighing 
20 tons per car for empty trains. All of these tables are based upon old line locomo- 
tives without the recent improvements in firebox design and other elements which go 
with the new t5q)e of construction. The trend in the construction of new locomotives is 
discussed in the Exhibit so that tables for special purposes can be worked out as may 
be required. 

The discussion also brings out other relations in regard to rated horsepower capacity 
per ton, boiler capacity, weight on drivers and tender weights which have been used in 
the compilation of the tables submitted with this report. In individual cases for which 
the tables may be used the conditions may not be the same as those assumed; in such 
cases adjustments may have to be made or new values computed as described in the 
Exhibit. 

For example, if the boiler horsepower for a particular locomotive having 40 per cent 
of its weight on drivers is 20 h.p. instead of 25 h.p. per ton on drivers as called for by 
Fig. 1, then the speeds and gross ton miles per train hour should be reduced in the ratio 
of 20 to 25. 


Action Recommended 

The Committee recommends that this report be received as information. 
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Exhibit A 

LOCOMOTI\'E DEVELOPMENT 

The purpose of this exhibit is to present a few notes in regard to the fundamental 
principles of Locomotive Traction in order to show how a number of factors pertaining 
to the motive power can be correlated so as to simplify the solution of some of the 
operating problems which depend on them. The results obtained from the discussion 
which follows have been summarized in table form as shown in Appendix “B” covering 
three typical classes of tra^, and several classes of locomotives. Other useful tables will 
be found in this exhibit to show how the final results have been derived. 

Fundamental Principles 

In general, the pulling power of all types of locomotives is limited in two ways, 
one by the amount of adhesion existing between the driving wheels and the rails and the 
other by the amount of power which can be supplied to the driving wheels. Unfortu- 
nately, in regard to the first limitation the adhesion between the driving wheels and the 
rails is not constant, but depends upon the weight on drivers and the condition of the 
rails. Under poor rail conditions, the adhesion may be less than 5 per cent of the weight 
on drivers, whereas under exceptionally good conditions of dry rail well sanded, the 
friction may amount to more than 40 per cent of the weight on drivers. In other words, 
under natural conditions, the friction which prevents the drivers from slipping may vary 
over a wide range, but ordinarily it amounts to about 25 per cent of the weight on 
drivers and this value which corresponds to an adhesion factor of 4 can almost always 
be obtained by the use of sand. It is therefore generally assumed that the maximum 
pulling power of a locomotive limited by adhesion can be taken at 25 per cent of the 
weight on drivers for starting trains from rest. 

Assuming that the adhesion between the drivers and the rail is constant at all 
speeds then the horsepower which can be utilized at various speeds of the locomotive 
without slipping the drivers will be proportional to the speed and can be represented 
graphically by the line OA Fig. 2 which is one boundary. 

The amount of power which can be supplied to the drivers and which is the second 
fundamental consideration involved, depends upon the type of locomotive and the 
limitations placed on its physical dimensions, weights, etc. It will be found in the case 
of steam locomotives that the limiting feature is generally the capacity of the boiler to 
produce steam. This capacity to produce steam is a measure of the horsepower which 
is theoretically available for moving the locomotive and train and can be represented by 
a horizontal line BC Fig. 2 which forms another boundary. If this is the largest boiler 
which can be furnished without exceeding the specified weight on drivers then the horse- 
power limits of the locomotive will come within the horizontal axis and these boundaries. 

The power represented by the capacity of the boiler is converted into mechanical 
power in the cylinders of the locomotive. The power which they can develop depends 
upon how much steam can pass through their ports and this dei>ends on how long the 
ports or valves remain open. At low speeds the ports remain open for the full travel 
of the pistons, whereas at high speed they are closed before the pistons reach the ends 
of their strokes and the steam confined is allowed to expand before it is exhausted into 
the smoke box. Under these conditions the horsepower obtained from a given amount 
of steam is greater than when the steam is not allowed to expand. For this reason the 
horsepower developed in the cylinders depends upon the speed of the locomotive as 
shown by the curve DE, 
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The cylinders assumed are theoretically more than large enough to slip the drivers 
as indicated by the fact that the dotted portion of the line DE crosses the line OA, 
Similarly, the cylinders are capable of economically using more steam than the boiler 
can produce under normal conditions as indicated by the fact that the line DE crosses 
the line BC, 

Theoretically the cylinders can be made any size. If they are made too small they 
will not be able to furnish enough power to utilize ah of the tractive effort available 
with the given weight on drivers or all of the steam the boiler is capable of producing. 
This would be an uneconomical design seldom found in practice because designing engi- 
neers begin by estimating the weight on drivers and then proportion the cylinders for 
power enough to slip the drivers and then design the running gear for a boiler and fire 
box capable of producing a sufficient amount of steam to supply the cylinders. If this 
cannot be done without exceeding the estimated weight on drivers or clearance limits 
then it is necessary to make various compromises as required; generally resulting in re- 
duced boiler capacity. For the present let it be assumed that 100 per cent boiler capacity 
can be obtained, resulting in a perfectly proportioned locomotive. 

Effect of Power Losses on Tractive Effort 

All the power developed in the cylinders is not actually transmitted to the driving 
axles because part of it is used in overcoming the friction of mechanical parts, hence it 
is necessary to represent the hoisepower delivered to the driving axles, (usually referred 
to as driver horsepower) by the Hne EG, Fig. 2 in order to show the horsepower avail- 
able for doing useful work. The method used in obtaining cylinder and tractive effort 
horsepower will be explained later. 

The force or tractive effort applied to the driving axles at various speeds can be 
obtained from the curve EG by substituting in the formula: 

LBS (Tractive Effort) 

The tractive efforts thus obtained are the forces available for overcoming locomo- 
tive and train resistance and are plotted in lower half of Fig. 2. 

Train Resistance 

The force or friction opposing the movement of a train is known as train resistance. 
Values of this resistance expressed in pounds per ton have been determined experimentally 
over a wide range of conditions by a number of authorities. Recently, W. J. Davis, Jr., 
by correlating the work of these different authorities has been able to derive a number 
of empirical formulas which he has published for calculating the tractive resistance of 
various t)^es of locomotives and cars. A summary of these formulas, applicable to level 
tangent track is given in Table 3 on the following page. 

In order to show the difference in train resistance between manifest, coal and ore 
trains and empty trains, the resistance of 4-axle freight cars weighing 40, 80 and 20 tons, 
respectively, are tabulated in Table 4, page 559. The resistance of passenger trains com- 
puted in like manner by corresponding formulas will be found to approximate the values 
shown for heavy freight cars. In this discussion the locomotive resistance in pounds pei 
ton has been assumed the same as for the train, the basis for which wiH be explained 
later. If desired the resistance of the locomotive can be calculated by substituting ap- 
propriate factors in the locomotive formula. 
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TRAIN RESISTANCE FORMULAS 

W. J. Davis, Jr. 


LOCOMOTIVE AND, MOTOR CAR SERVICE 

SYMBOLS VALUES OF A 


R * Tractive resistance in pounds per ton Locomotives: 50 tons 105 sq. ft. 

(2000 lb.) on tangent level track. *' 70 tons 110 " 

= Area in square feet of cross-section of “ 100 tons and over 120 “ 

locomotive or car body and trucks. Freight cars 85-90 “ 

V**Spced in miles per hour. Passenger cars 120 " 

n « Number of axles per car. Multiple-unit cars lOO-l 10 “ 

tfl = Average weight per axle in tons. Motor cars: 2 trucks 80-100 " 

wn 3* Average weight of locomotive or car. “ . I truck 70- TJ " 



USUAL FORMULAS 

Recommended for convenience in calculation. 
Approved for axle weights m excess of 6 tons. 


GENERAL FORMULAS 
Applicable to all axle weights. To be used when 
axle weights are less than fi tona 


Freight Cars, . . . 

Passenger Cars \ 
(Vestibuled) j 


Multiple- 

unit j (Vestibuled) 
Trains Trailing Cars. 


w wn 

it.U+l» + 0.045 7+?»l? 

VJ wn 

w wn 

i? =« 1,3 + ^ + 0.045 Vi- 

w wn 

,j;=U+i?.h0.045 r+?:222«ii2 

w wn 

w wn \ 


yw w ‘ wn 

Ji..^+lij + 0.03K+°M3i„dZ? 

^/v ^ Vfn 

5=^ + 12i+o.045 r.l.2i22iii2 

Vtp ^ 

'j;„.^+lM.^0.045r+2:22034ii2 

■y/xo W wn 

Vty w wn 


EXPLANATORy NOTE 

The first two terms of the equations represent journal friction almost entirely. They have 
been derived from dynamometer and coasting tests on standard freight and passenger cars and 
electric locomotives and are based on oil lubrication with average temperature conditions. 
Journal friction may be increased 20 to 40 per cent at ’temperatures below freezing. • 

The third term comprises resistances due to flange friction, concussion, swaying, and mis- 
cellaneous frictions proportional to the speed. The factor for this element is decreased by increase 
in len^h of truck wheel base and increased by poor road bed conditions and inferior riding 
qualities of motor cars. 

The last term gives air resistance for average weight of car or locomotive in pounds per ton 
for standard types of equipment. No allowance is made for head winds or strong side winds. 

Locomotive resistance represents tractive effort delivered to driving axles and does not 
include friction losses in gears, motor bearings or other parts of the driving equipment, as thqgc 
are usually covered in the motive power efficiency. 

The formulas are based on tests taken under mild weather conditions. Values obtained 
from them may be used as found in calculations relating to electric distributing systems, 
substations, energy consumption, and power demand. In the determination of electric motor 
characteristics and gear reductions to meet particular speed requirements, however, it may 
be desirable to add a small percentage to the required speed as a protection against unusual 
conditions. 
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Curve and Grade Resistance 

It is necessary to adjust the values obtained by these formulas to correct for curve 
and grade resistance. The adjustment added for curvature is generally taken at .8-lb. 
per ton per degree of curve but when curves occur on grades it is usually customary in 
location to lower the grade an amount sufficient to compensate for the added resistance 
of the curve; hence in these cases no adjustment should be added. However, when 
grades are determined from the differences in elevation then for traction purposes it is 
necessary to add .8-lb. per ton per degree of curve for curve resistance. 

The work done in rounding a curve is proportional to the degrees of central angle 
and theoretically is independent of the degree of curve ; thus m some cases it is customary 
to adjust for average curvature by adding .8-lb. per degree of central angle included in 
the section or district under consideration, or to consider the average grade as the differ- 
ence in elevation plus .04-ft. per degree of central angle for ascending grades and minus 
.04-ft. per degree for descending grades. 

The adjustment for grade resistance amounts to 20-lb. per ton (2000-lb.) and is 
additive for trains moving against the grade and subtractive when moving with the 
grade. 

Tonnage Rating of Locomotives 

The tonnage rating of a locomotive is understood to mean the tonnage which it is 
capable of hauling over the ruling grade found on the profile at a given speed. It is ob- 
tained by dividing the tractive effort available at the rim of the driving wheel of the 
locomotive by the train resistance per ton and subtracting the weight of the locomotive 
and tender which gives the trailing weight in tons. 

A tractive effort of 400 poimds is sufficient to haul 80 tons on level tangent track 
assuming 5 pounds per ton for train resistance. If the entire locomotive weight is on 
drivers and equal to one ton then the trailing weight on level tangent track will amount 
to (80 — 1) or 19 tons or 79 times the weight of the locomotive. 

If only half of the locomotive weight is on drivers the locomotive will weigh two 
tons for every 400 pounds tractive effort, hence the trailing weight which it is capable 
of hauling will be 80 — 2 or 78 tons, which is 39 times the weight of the total locomo- 
tive. Likewise, if only 30 per cent of the locomotive weight is on drivers, the total 
locomotive will weigh zVz tons for every 400 pounds tractive effort, and the trailing 
weight which it is capable of hauling will be 80 — 3% or 76% tons, which equals 
.3 X ^6% or 23 times the total weight of locomotive. 

On a one per cent grade, the tonnage which 400 pounds tractive effort wiU haul is 
reduced from 80 to 16 tons and the trailing weights for locomotives having 50 and 30 
per cent of their weight on drivers are correspondingly reduced from 39 and 23 to 7 
and 3.8 times the weight of locomotive. Other values of trailing tonnage in terms of 
total weight of locomotive will be found in Table 5, following, for various grades and 
weights on drivers. 

It will be seen from this table for example that on a 1.6 per cent grade, one loco- 
motive having 50 per cent of its weight on drivers is equivalent in hauling capacity to 
two locomotives of the same weight having only 30 per cent of their weight on drivers 
and likewise a locomotive having 70 per cent of its weight on drivers is equivalent in 
hauling capacity to three locomotives of the same weight having only 30 per cent of 
their weight on drivers. 

The desirability of weight on drivers for locomotives in heavy grade service is thus 
evident. 
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Table 5 

Theoretical Maximum Trailing Tons Which Can Be 
Hauled Per Ton Total Weight oe 
Locomotive 

(Including Tender) on Various Grades 

Based on 20 Per cent Coefficient of Adhesion and 
5 Lb. per Ton Train Resistance 


PEBCEST 

GHADE 

PERCESI! 

AGE OP 3 

’OTIL LOCO. 1!C. OS 

LRIYSHS 

30 

40 

575 


90 

100 

-0.2 

119.0 

159.0 

199.0 

279 .0 

359.0 

399.0 

-0.1 

39,0 

52.3 

65.7 

92.3 

119. C 

132.3 

0.0 

23.0 

31.0 

39.0 

55.0 

71.0 

79.0 

0.1 

16.1 

21 .a 

27.6 

39.0 

50.4 

fi5.7 

0.2 

12,3 

16.8 

21.2 

30.1 

39.0 

43.4 

0.3 

9.9 

13.5 

17.2 

24.4 

31.7 

35.3 

0.4 

8.2 

11.3 

14.4 

20.5 

26.7 

29.8 

0.6 

7.0 

9.7 

12.3 

17.7 

23.0 

25.3 

0.6 

6.1 

8.4 

10.8 

15.5 

20.2 

22.5 

0.7 

5.3 

7.4 

9.5 

13.7 

18.0 

20.5 

0.8 

4.7 

6.6 

8.5 

12.3 

16.1 

18.0 

0.9 

4.2 

6.0 

7.7 

11.2 

14.7 

16.4 

1.0 

3.8 

5.4 

7.0 

10.2 

13.4 

15.0 

1.2 

3.1 

4.5 

5.9 

8.7 

11.4 

12.8 

1.4 

2.6 

3.9 

5.1 

7.5 

9.9 

11.1 

1.6 

2.2 

3.3 

4.4 

6.6 

8.7 

9.8 

1.8 

1.9 

2.9 

3.9 

5.8 

7,8 

8,8 

2.0 

1.7 

2.6 

3.4 

5.2 

7.0 

7.9 

2.2 

1.4 

2.3 

3.1 

4.7 

6.3 

7.2 

2.4 

1.3 

2.0 

2.8 

4.3 

5.8 

6.5 

2.6 

1.1 

1.8 

2.5 

3.9 

5.3 

6.0 

2.8 

1,0 

1.6 

2.3 

3.6 

4.9 

5.6 

3.0 

,8 

1.5 

2.1 

3.3 

4.5 

5.2 


Horsepower Rating of Steam Locomotives 

The horsepower ratings of steam locomotives usually refer to cylinder horsepower 
and are determined by the number of cylinders, area of pistons, boiler pressure and 
steam consumption. The following formulas based upon 1000-ft. per minute piston 
speed and 20.8 pound of steam per indicated horsepower have been in use and accepted 
as standard practice for many years. Some of the newer t 3 T)es of steam locomotives 
actually develop considerably more horsepower than shown by these formulas, due to 
economies obtained by improvements in locomotive designs and construction. Enough 
data has not yet been accumulated to revise the formulas to meet the new conditions. 

Horsepower Rating 

Simple Steam Engines Using Superheated Steam 

HP = .0229 X -P X *4 for two cylinder engines 

HP = .0343 X -P X ^ for three cylinder engines 

HP = .0458 X -P X ^ for four cylinder engines 

Where A = area of one piston in square inches 

and P = boiler pressure in pounds per square inch 

Boiler Capacity 

The boiler capacity of a steam locomotive is usually rated in terms of its ability to 
produce the requisite amount of steam for the cylinders. Thus if the boiler is able to 
produce the same amount of steam as required by the cylinders at 1000-ft. per minute 
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piston speed it is rated a 100 per cent boiler. Likewise, if it will produce only 90 per 
cent of the steam required by the cylinders at 1000-ft. per minute piston speed it is 
rated a 90 per cent boiler. 

The performance of the locomotive depends upon both the cylinder and boiler 
capacities and is limited by the cylinders or the boiler, whichever one has the smaller 
capacity. 

The amount of steam a locomotive boiler is capable of producing in an hour de- 
pends upon so many variables that it is impossible to estimate the boiler capacity without 
adequate design data, and a knowledge of the quality of the fuel, rate of firing and con- 


Table 6 

Typical Weight Distribution and Horsepower Rating Per Ton 
ON Drivers por Various Classes op 
Steam Locomotives. 


CULSS 

PERCEHT 

W ON 
DRIVERS 

lERCEHT 

wc as 

ENGINE 

PERCENT 
m OP 
TENDER 

RATED 

EP/TON 

ON DRIVERS 

BOILER 

HP/TON 

ON DRIVERS 

0-6-0 



44.13 

19.40 

13.43 

0-8-0 



42.08 

19.24 

13.56 

0-10-0 

B a 

■i a 

37.36 

18.22 

14.59 

E-8-0 

51.26 

56.87 

43.13 

20.16 

15.43 

8-10-0 

54.14 

59.11 

40.89 

20.82 

14.68 

2-8-2 

45.54 

60.78 

39.22 

20.93 

19.47 

2-10-2 

49.40 

63.48 

36.52 

20.41 

19.68 

2-8-4 

28.02 

59.67 

40.33 

25.54 

23.87 

2-10-4 

40.68 

59.74 

40.26 

24.34 

20.03 

4-6-2 

26.35 

58.85 

41.15 

26.73 

23.24 

4-8-2 

41.24 

60,85 

39,15 

23.96 

21.90 

4-10-2 

45.31 

62.72 

37.27 

23.91 

20.83 

4-12-2 

42.85 

61.50 

38.50 

25.17 

19,84 

4-6-4 

31.78 

58.21 

41.79 

27.01 

27.89 

4-8-4 

26,05 

59.37 

40.63 

24.96 

23.36 

2-8-8-0 

66.04 

70.06 

29,94 


14.04 

2-8-8-2 

58.00 

66.40 

33.60 

19.74 

15.53 

2-8-8-4 

51.94 

64.83 

35.17 

22.80 

16.81 

g-8-8-8-2 

89.07 

93.00 

7.00 


10.80 


dition of the boiler, etc. It has been found however that the boiler efficiency decreases 
as the rate of firing increases. This means that for maximum output the efficiency would 
be less than 50 per cent. For this reason the grate areas and fire box space in modem 
locomotives have been increased so that the rate of firing can be limited to less than 
100 lb. coal per square foot of grate area per hour. In this way the boiler efficiency has 
been increased from about 60 per cent to about 75 per cent. 

In general the heating surface of a locomotive boiler is a fair measure of its capacity, 
but it depends upon how the heating surface is distributed between the fire box and the 
tubes and flues. It is usually assumed that the fire box will produce 55-lb. of steam per 
square foot of heating surface per hour and the tubes and flues 8 to 10-lb. per square 
foot per hour on the basis of 12,000 BTU’S per pound of coal. 

Up until about five years ago the boiler capacity of a locomotive could be cal- 
culated approximately by assuming 12 lb. of steam per square foot of evaporating surface. 
On this basis and assuming 20 lbs. of steam per indicated horsepower, a square foot of 
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heating surface is equivalent to .6 of a horsepower or the boiler horsepower of old line 
locomotives can be taken as equal to .6 X sq. ft. of heating surface. The boiler horse- 
powers given in the preceding table have been determined on this basis. 

Distribution of Locomotive Weights 

Table 6 on the preceding page in addition to giving the cylinder and boiler horse- 
powers also shows the weight on drivers, the weight of engine and the total weight of 
engine and tender. The same data is plotted in Fig. 3 which shows more clearly how 
the relations vary with different types of locomotives. 


Chart Showing Typical Distribution of Weights and Cylinder HJP. 
FOR Steam Locomotives Having Various Weights on Drivers. 


CO ^ 
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Fig. 3. 


Locomotives which have the least percentage of weight on drivers are of the 4-6-4, 
the 4-8-4 and the 4-6-2 types which consist of four-wheel guiding trucks, three or four 
pairs of drivers and two or four wheel trailing trucks located under the fire box. In 
these designs the primary purpose of the guiding truck is to improve the tracking quali- 
ties of the locomotive at high speed. The primary purpose of the trailing truck is to 
provide space behind the drivers for enlarging the fire box and thus obtain greater and 
more efficient evaporation than could be obtained otherwise. Both trucks also support 
part of the weight of the boiler thereby making it possible to build larger boilers for a 
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given weight on drivers than can be done without them. For this reason the boiler 
horsepowers and likewise the cylinder horsepowers per ton on drivers are greater for 
these types of locomotives than for any other. 

As the number of drivers increases the percentage of weight on drivers naturally 
increases until with articulated types of locomotives the weight on drivers may amount 
to 65 or 70 per cent of the total weight of locomotive. The relations found will depend 
upon the weight of tenders employed, the allowable weight per driving axle and the 
number of guiding and trailing axles. The straight line shown in Fig, 3 represents the 
average relation between weight on drivers and weight of tender for a large number of 
locomotives and allows for some increase in weight of tender with the size of locomotive. 

Switching and some of the older types of freight locomotives such as Consolidations 
and Decapods fall into separate groups. The Triplex or 2-8-8-8-2 compound locomotive 
which has four driving axles and a trailing axle under the tender approaches the limiting 
case for these latter groups. 


Chart Showing Relation Between Cylinder and Boiler H.P. for 
Steam Locomotives Having Various Weights on Drivers. 



Fig. 4. 


The purpose of the chart in Fig. 4 and the lower chart in Fig. 3 is to obtain a more 
or less rational relation between the percentage weight on drivers and the cylinder and 
boiler horsepower capacities obtainable in order to develop a series of tables to show 
typical performances of locomotives based on the percentage of weight on drivers which 
will take account of horsepower capacities. These charts will not apply to the new line 
of locomotives developed during the past five years or locomotives using oil fuel 

Characteristics of Steam Locomotives 

For short periods the output of a steam locomotive can be based upon its cylinder 
capacity regardless of its boiler capacity for the reason that the boiler has considerable 
storage capacity and can be “force fired” for a limited time. On the basis of continuous 
runs however steam locomotives can only be counted on to deliver outputs up to the 
capacity of their boilers. In the discussion which follows the performances are all based 
on continuous runs. 

Speed Factors 

As stated previously, the horsepower developed by a steam locomotive varies with 
its speed and reaches a maximum at a speed corresponding to about lOCX) ft. per minute 
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piston speed. It has been found from theory and practice that the cylinder horsepower 
at piston speeds other than 1000 feet per minute can be computed by applying speed 
factors which have been determined experimentally and found to be applicable over a 
wide range of cylinder dimensions and locomotive designs. 

Committee XVI — ^Economics of Railway Location was a pioneer in the development 
of speed factors based upon boiler capacity. Its report was adopted by the Association 
and first printed in the Manual for 1915. 

The most widely used speed factors are known as Coleys ratios, which were first 
employed in 1914 by the American Locomotive Company. These are based on cylinder 
capacity and require adjusting whenever the boiler capacity is less than the cylinder 
capacity. It is also necessary to convert locomotive speed into piston speed or vice versa, 
which is readily done by substituting in the formula, 

Locomotive Speed MPH — -01785 DL 

O 

Where D = diameter of drivers in inches 

L = piston speed in feet per minute 
S = stroke in inches 


In the preliminary stages of the problem the diameter of drivers and stroke of 
pistons are not always known and in order to be able to neglect these factors it is pro- 
posed to substitute an empirical formula approximating Cole’s ratios as given below. 
The variation in cylinder horsepower can be expressed by the formula 

EP = £:(1— 

Where K = maximum cylinder horsepower 
e = Naperian base 
n = constant 

V = locomotive speed in m.p.h. 


To find n reduce the horsepower to the basis of one ton on drivers and assume a 
maximum tractive effort of 30 per cent of the weight on drivers based upon a mean 
effective pressure equal to 100 per cent boiler pressure. Assume also that when V — Vi 
that nV = 1 then by substituting in the above formula the horsepower corresponding 
to 100 per cent cut off (7i) is 

EP =z K{1 — e^) = .632 K 

The horsepower per ton on drivers corresponding to a cylinder tractive effort of 30 
per cent of the weight on drivers and the speed Vi can also be written: 


EP 


.30 X 2000 X Vx 
375 


By equating, Vx = .395 K 


and n 


1 

395 K 


In other words, the miles per hour corresponding to the limit of full cut off is 
approximately equal to about 40 per cent of the rated horsepower per ton on drivers. 

If the boiler horsepower is less than the cylinder horsepower then K should be ex- 
pressed in terms of boiler horsepower for continuous performance. 

Table 7, following, gives a comparison of the speed factors obtained by the formula 
with Cole’s ratios, assuming that Fi corresponds to 250 feet per minute piston speed for 
Cole’s ratios. 


A 
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Table 7 

Steam Lqcomotive Comparison of Speed Factors 
Superheated Steam. 


SF££1) 

HORSE B 
SHEED Fj 

OlER 

ICTOSS 

SPEBB 


HORSE 
SHED F. 

POWER 

ACTORS. 


66i2 


FORMULA 

c6ie 

T o 1.00 Ti 

•632 

.667 

Y 2 2.75 

^1 

.935 


1.20 " 

.699 

.643 

2.80 


.939 

.962 

1.25 " 

.714 


3.00 

tl 

.950 

.963 

1.40 " 

.753 

.713 

3.20 

II 

.959 

.975 

1.50 » 

.777 


3.25 

It 

.961 


1.60 " 

.798 

.776 

3.40 

ir 

.967 

.983 

1.76 " 

.826 


3.60 

It 

.970 


1.80 " 

.835 

,823 

3.60 

n 

.973 

.993 

2.00 » 

.865 

.868 

3.76 

tr 

.977 


2.20 ” 

.888 

.895 

3.80 

1 ^ 

.978 

.997 

2.25 ■' 

.895 


4.00 

ir 

.982 

1.000 

2.40 » 

.909 

.920 

4.50 

u 

.989 

1.000 

2.50 » 

.918 


5.00 

ir 

.993 

1.000 

2.60 " 

.926 

.936 

6.00 

n 

.997 

1.000 


Drawbar Pull 

On account of the fact that the pulling power of steam locomotives is usually tested 
by dynamometer cars, the term “drawbar pull” has been applied to the force exerted at 
the drawbar of the tender. This force is less than the force acting on the pistons be- 
cause of the mechanical losses in the engine and because the dynamometer car does not 
measure the force required to move the engine and tender. 

In steam practice, it is customary to estimate the drawbar pull on tangent level 
track by assuming that the loss between the pistons and the drawbar for single engines 
amounts to 25 pounds per ton of weight on drivers plus the resistance of trucks and 
tender taken at an amount equal in pounds per ton to that assumed for the cars in the 
train. For the purpose of this discussion, it is simpler to deal with the tractive effort 
at the driving axles than with drawbar pull and for this reason it is assumed that the 
loss between the pistons and the driving axles amounts to twenty pounds per ton on 
drivers and the force required to move the locomotive including tender is assumed to 
be part of the train resistance and is taken at the same amount per ton of total weight 
as assumed for the cars in the train. 

The horsepower loss between the pistons and the driving axles can then be calculated 
by the formula 

HP Loss = ?P XV XW 
375 

Where V = speed in miles per hour 

W = weight on drivers in tons (2000-lb.) 

The difference between the cylinder horsepower adjusted for boiler capacity and the 
horsepower loss gives the net or tractive effort horsepower at the driving axles which is 
represented by the curve FG, Fig. 2, and by the series of curves in Fig. 5 showing the 
horsepower available at various speeds for overcoming the total resistance of the train 
and locomotive. 

The equation of the driver horsepower curve for speeds greater than Vx can be 
written as follows: 


Driver HP per Ton on Drivers = iC(l — e 


20 XV 


375 
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The maximum h.p. derived by differentiation of this equation is obtained when the 
speed is equal to 3.86 X which point the mechanical efficiency obtained is about 
91.7 per cent based on the formula. The mechanical efficiency varies from 96.7 cor- 
responding to Fi to less than 90 per cent corresponding to values of V greater than STa. 

Characteristic Speed Tractive Effort Curves 

The speed tractive effort curves shown in Fig. 5, page 568, are based on the net or 
tractive effort horsepower at the driving axles. The dotted portions indicate theoretical 
values based upon a mean effective pressure at full cut-off equal to 100 per cent of the 
boiler pressure instead of about 85 per cent commonly used. In practice, the curves 
round off as indicated by the solid lines, but since it is possible to equip modem locomo- 
tives with either a booster or an auxiliary engine, it can be assumed that the theoretical 
values shown are obtainable. As a matter of fact, it is possible by stretching a point to 
even exceed the theoretical values for some classes of locomotives equipped with boosters. 
For example, the tractive effort supplied by boosters on 4-6-4 and 4-8-4 types may 
amount to more than 20 per cent of the tractive effort supplied by the main drivers. 

A convenient form for tabulating the calculations is illustrated by Table 8, page 
569, which shows both the short time and continuous output capacities. All of the 
typical curves are based upon 100 per cent boiler capacity and corrected for mechanical 
losses based on 20 pounds per ton on drivers. The tractive effort curves therefore show 
the forces available for overcoming train resistance from which the free running or bal- 
anced speed on any grade for any weight train can be calculated. 

Thus a locomotive having a rating of 30 horsepower per ton on drivers if equipped 
with a 100 per cent boiler would develop a tractive effort of 166 pounds per ton on 
drivers at 60 m.pli. If the train resistance amounted to 12 pounds per ton on level 
track then the maximum weight of train which could be handled at 60 miles per hour 
would be 166/12 or 13.8 tons total per ton on drivers. As seen from Fig. 4 a locomotive 
rated 30 h.p. per ton on drivers will have only 30 per cent of its weight on drivers, or 
in other words, the locomotive will weigh 3.3 tons for every ton on drivers, hence the 
trailing tons will amount to 13.8 — 3.3 or 10.5 tons which is 3.2 times the weight of the 
locomotive. 

On the same basis a locomotive having a rating of 23.5 horsepower per ton will 
have according to Fig. 4 fifty per cent of its weight on drivers and a boiler capacity of 
20 horsepower or 85 per cent. The performance of such a locomotive for purposes of 
illustration would be the same as a locomotive rated 20 horsepower per ton on drivers 
with a boiler capacity of 100 per cent. Such a locomotive would develop a tractive 
effort of 105 pounds per ton on drivers at 60 m.pJh., which is equivalent to the train 
resistance of 8.75 tons on the basis of 12 pounds per ton. Since the locomotive weighs 
only two tons per ton on drivers the trailing weight is 6.75 tons or 3.38 times the weight 
of locomotive or slightly more than found in the previous case. 

Similarly the trailing weight for various classes of locomotives can be obtained for 
any speed on any grade. 

Theoretical Maximum Trailing Ton Miles per Hour 

The values of trailing train weight found as described above and multiplied by the 
corresponding speed in miles per hour wdll give a measure of the gross ton miles per hour 
obtained under various conditions of operation. The conditions of train weight and 
speed which will produce the greatest gross ton miles per hour can be obtained by plot- 
ting the product of trailing weight and speed against the corresponding values of speed 



^auNos tr/kctive erroRT rer to/v oa/ or/\/ers 
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Table 8 

FORM SUGGESTED FOR CALCULATING HORSEPOWER AND SPEED 
TRACTIVE EFFORT CURVES 

Steam Locomotives 

Example Based on 26.8 cyl. h.p. Per Ton on Drivers 
93.3 Per Cent Boiler Capacity 


1 speed 

1 Speed 

1 Horse Power 

H.? 

. Less 

1 Het H.p. 

1 Tractive Effort j 





Cyl. 

Boiler 

IB 

Boiler 




Total 

1.00 V- 

10.60 

9.90 

,632 

16.94 

15-80 

.565 

.528 

16.375 


HHI 


1.25 " 

13.25 

12.37 

.714 

19.14 

17.85 

.707 

.660 

18.333 

17.190 

£22 


1.50 " 

15.90 

14,85 

.777 

20.82 

19-43 

.848 

.792 

19.972 

18.638 

471 


1.75 " 

18.55 

17.32 

.826 

22.14 

20.65 

.989 

.924 


19.726 

428 


2.00 " 

21.20 

19.80 

.865 

23.18 

21.63 

1.131 

1.056 

22,049 

20.574 

390 


2.25 " 

23.85 

22.27 

.895 

23.99 

22.38 

1.272 

1.188 

22.713 

21.192 

357 


2.50 " 

26.50 

24.75 

.918 

24.60 

22.95 

1.413 

1.3^ 

23.187 

21.630 

328 


mmmm 

29.15 

27.22 

.935 

25.06 

23.38 

1.555 

1.452 

23.505 

21.928 

302 



31,80 

29.70 

,950 

25.46 

23.75 

1,696 

1.584 

23.764 

22.166 

280 



34.45 

32.17 

.960 

25.73 

24.00 

1.837 

1.716 

23.893 

22.284 

260 


5.50 •* 

37.10 

34.65 

.970 

26.00 

24.25 

1.979 


24.021 

22.402 

243 


3.75 " 

39.75 

37.12 

.977 

26.18 

24.43 

2.120 


24.060 

22.450 

227 


4.00 " 

42.40 

39.60 

.982 

26.32 

24.55 

2.261 

2.112 

24.059 

22.438 

213 


4.50 “ 

47.70 

44.55 

.989 

26.51 

24.73 

2.544 

2.376 

23.966 

22.354 

186 


5.00 •* 

53.00 

49.50 

.993 

26.61 

24.83 

2.827 

2,640 

23.783 

22.190 

166 


6.00 " 

63.60 

69.40 

.997 

26.72 

24.93 

3.392 

3.168 

23.328 

21.762 

137 



Yl .395 X rstsd cylinder h.p. » ,395 i 26,8 - 10.60 


Adjusted speed * 7i x 'boiler capacity • Par tom on driver?; 

Speed factors oi>taiiied from table 

Cyl. H.P. = Rated h.p. x speed factor 

Boiler H.P, « Cyl. h.p. x boiler capacity 

H.P. Loss - 

Pet H.P. = Cyl. H.p. - n.p. loss or boiler h.p. - h.p- loss 
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as illustrated by the charts in Fig. 6 and 7. Figure 6 is based upon a locomotive having 
30 per cent of its weight on drivers and boiler and cylinder capacities of 30 horsepower 
per ton on drivers. 

One of the points it is desired to illustrate by this chart is the fact that in order to 
obtain the maximum gross ton miles per hour with a locomotive of this type it is neces- 
sary under some conditions to employ the booster in continuous operation because the 
tractive effort corresponding to the speed at that point is above the tractive effort 
developed by the main drivers. See Fig. S. This is a condition which would be more 
or less expected in the case of essentially passenger locomotives. 


Chart Showing Relation Between Miles Per Hour and Gross Ton Miles 
Per Hour on Various Grades Based on Typical Locomotive Having 30 
Per Cent of Its Weight on Drivers With 100 Per Cent Boiler Capacity 
and Rated Capacity op 30 h.p. Per Ton on Drivers. 



Fig. 6. 


In the case of freight locomotives, Fig. 7 which is based upon a locomotive having 
50 per cent of its weight on drivers, an 85 per cent boiler and cylinder capacity of 23.5 
horsepower per ton on drivers, the maximum gross ton miles per hour is obtained at 
speeds which correspond to tractive efforts below the slipping point of the main drivers, 
hence it is not necessary to employ the booster continuously. 

The equation for finding the gross ton miles per hour per ton weight of locomotive 
for any speed may be written as follows: 

G.TM, per hour per ton wt. of loco. = L. [375 X K (1 — — 20 X P] — F 
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Where P = per cent weight on drivers 

R = train resistance in lbs. per ton 

n = constant =-i- 

K = boiler horsepower per ton on drivers 
V = speed in miles per hour 


If i? is independent of V the above expression is easily differentiated and the speed 
V corresponding to the maximum gross ton miles per hour can be found. 

or 2.3 r. log.. 


Vm= Vt log. 


20P + R 


20P + R 


On heavy grades train resistance (i?) varies only slightly with change in speed, hence 
it is proper to use the formula to find the speed corresponding to the maximum gross 
ton miles per hour. On light grades and level track, train resistance varies considerably 
with changes in speed which makes it difficult to derive a formula to fit this condition, 


Chart Showing Relation Between Miles Per Hour and Gross Ton MTT.y!^ 
Per Hour on Various Grades Based on Typical Locomotive Hamng 50 
Per Cent of Its Weight on Drivers With 85 Per Cent Boiler Capacity 
A im Rated Capacity op 23,5 hjp. Per Ton on Drivers. 



Fig. 7. 
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but for various reasons, results obtained by the formula have a practical value in deter- 
mining tonnage ratings on any grade, because the errors introduced are about sufficient 
to offset the greater difficulty experienced in starting maximum trains on light grades 
than on heavy grades. In other words, the true maximum gross ton miles per hour on 
level track for example is so near the limit of adhesion that little power is available for 
accelerating the train and any unfavorable conditions are liable to cause stalling. When 
the formula is used a workable margin is provided which is about what is required for 
successful operation. 

The equation V = Vi log is not easily solved directly and the 

^ 20P-i-R 

form, Table 9, Part I is suggested for calculating 8 or 10 values of JR. corresponding to 
selected values of Vm. From these values of R the train resistance corresponding to F m 
is subtracted leaving the resistance due to grade from which the per cent grade can be 
obtained. By plotting the per cent grades against the corresponding values of curves 
similar to those in Fig. 8 are obtained. 

Chart Showing Maximum Gross Ton 
Miles Per Hour Weight of Loco- 
motive ON Various Grades; Also 
t3m: Corresponding Speeds Based 
ON 35 Per Cent of Total Weight 
on Drivers 28.4 Cylinder h.p./ton 
on Drivers 27.5 Boiler hj>./ton on 
Drivers. ^ 



The equation for gross ton miles per hour per ton of locomotive for old line loco- 
motives may be written 

GTM/HR per ton wt. of Loco. = A (375 X JC X Speed Factor — 20F) — V 

R 
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Table 9 

FORM SUGGESTED FOR ARRANGEKENT OF CALCULATIOHS 
TO Q BTAIK KAXim GROSS TON MILES PER HOUR AKD THE CORRSSPOHDBG SPEED 

PART I 


Item 

Y Boiler HP Per Ton on Drivers (K) 

2 Speed Corresponding to Full Cutoff ,395K 

3 *Per Cent Wt. on Drivers (P) Corresponding to K 

4 Assume 8 to 10 Values of Va as Shorn in Col. (b) 

h 

5 Plot (a) and (h) See Fig. 8. 


SxaatpU 

27.5 

10,88 

35 


Vm 

Vm 

Anti- 
Lo^ (b) 

950 X P 

R » 

(d) - 20P 

Train 

Res. 

Level 

Grade 

Res. 

(e) - (f) 

19 

m 


(a) 

■(b) 

■■ 

(d) 

(e) 

(f) 

(g) 

(h-) 

17,3$ 

1.60 

4.95 

87,20 

80,20 

5.82 

54.38 

2.72 

19,00 

1.75 

5.76 

57,70 

50,70 

8,00 

44,70 

2,24 

Sl,72 

2.00 ■ 

7.39 

45,00 

38,00 

8,25 

32,75 

1.84 

34,44 

2.25 

9.49 

35,05 

28,05 

6,55 

21,50 

1,08 

28,0$ 

2.40 

11.02 

30,15 

23,15 

8,12 

18,43 

.81 

28,24 

2.60 

13,46 

2i,70 


6,97 

10,73 

.54 

30,41 

2.80 

16.45 

20,20 


7,22 

5,98 

.30 

33,58 

3.00 

20.08 

16,55 


7,53 

2.02 ; 

,10 

34,75 

3.20 

24.54 

13,55 

8,55 

7,80 

^1.25 

- ,06 

38,92 

3.40 

29.96 

11,10 

4:10 

8,10 

-4,00 

- .20 


* See Fig. 1- 


PART II 


Vm 

Vm 

V] 

Speed 

Factor 

375xKx(c) 

20 X (a) 

(d) . (e) 

P 

"TT 

[f)z(g) 

(h) - (a) 

(a) 

(b) 

■BM 

(d) 

(e) 

' (f) 

9m 

(h) 

(1) 


1.60 

.798 

8,230 

347.8 

7,882,4 

.0057 

44.93 



1.75 

.826 

8,519 

380,0 

8,139,0 

.0069 

58.16 

mm 

21,72 

2.00 

.865 

8,921 

434.4 

8,488,6 

.0092 

78.08 

WStm 

24,44 

2.25 

.895 

9,230 

488,8 

8,731,2 

.0125 

109,14 

W.'A? 

28,06 

2.40 

.909 

9,375 

521.2 

8,853,8 

.0151 

133,^ 

107.03 

28,24 

2.60 

.926 

9,550 

564,8 

6 985,3 

,0198 

177.91 

149,67 

30,41 

2.80 

.939 

9j884 1 

808,2 

9,076,8 

.0265 

240.51 

210.10 

32,58 

3.00 

.950 

9,797 

m,8 

9,145,4 

,0367 

335.64 

303,06 

34,75 

3.20 

.959 

9,890 

895,0 

9,195,0 ' 

,0534 

491,01 

456,26 

38.92 

3.40 

.967 

9,973 

738,4 

9,234.6 

.0854 

788,63 

751,71 


Plot (a) -and (i). See Fig. 8. 


in Italia illustraU thi prgcsiyrt and rtfar to thu spoeifie ixaapU dofinod 
iy iitnt 2^ a.fd 3, 
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By substituting the values of and R found above for V and R in the latter 
formula and applying the speed factors from Table 1, pp. 549, 550, 551, corresponding 
to ratios in column B the max. gross ton miles per hour per ton wt. of locomotive can 
be found. Refer to Table 9, Part II, of suggested form for arrangement of calculations. 

New Types in Locomotive Designs and Construction 

The chief difference between the new and old designs of steam locomotives is in the 
size of firebox and grate area. This difference calls for two axles under the firebox in- 
stead of one so that the following 4-6-4, 4-8-4 and 4-10-4, also 2-8-4 and 2-10-4 may be 
regarded as new line locomotives. These locomotives also contain many other improve- 
ments not shared by old line locomotives. 

It wiU be seen from inspection of Fig. 3 that the weight on drivers for the five 
types mentioned above ranges between 30 and 40 per cent of the total weight of loco- 
motive including tender. The weight on drivers for corresponding types of the old line 
locomotives ranges between 35 and 50 per cent of the total weight of locomotive and 
tender. In other words, the addition of another axle under the firebox has made it 
possible to increase the weight of the engine excluding tender without increasing the 
weight on drivers. By so doing it has been possible to increase the size of the boiler and 
improve its efficiency which means a double gain in capacity. In order to make use of 
this additional capacity, it has been necessary to increase the output of the cylinders 
which has been brought about by the introduction of limited cut-off features and the 
adoption of higher boiler pressures. 

Comparatively little data concerning these locomotives is available at this time, but 
that which is available indicates that a considerable increase in locomotive output has 
been obtained which is not apparent from the application of Cole’s ratios. Looking at 
the problem in the light of the foregoing discussion, it is possible to see certain trends 
which will have to be taken into accoimt when new motive power is considered. 

In the first place, the trend compared with old line locomotives will be towards 
designs having a less percentage of their weight on drivers and more capacity per ton on 
drivers, that is one can look for a dividing line between new and old designs at about 
40 per cent for the weight on drivers similar to the dividing line between rigid frame 
and articulated locomotives. This trend is tentatively shown in Fig. 1, page 547, of this 
report. 

For the purposes of illustration, it has been assumed that a 4-6-4 locomotive having 
30 per cent of its weight on drivers will be able to develop 40 h.p. per ton on drivers 
and will carry a 100 per cent boiler, and that a 4-10-4 locomotive having 40 per cent of 
its weight on drivers will be able to develop 31 h.p. per ton on drivers and will carry 
about a 93 per cent boiler. These figures have been arrived at by assuming 15 per cent 
greater boiler output and 15 per cent better steam economy than accounted for by 
Coles Ratios. 

Development of New Formulas 

In the previous discussion it has been shown that the equation HP = ir(l — 

approximates Cole’s speed factors when » =— and where Vi = .395K. It has been 

Vi 

found that Vi obtained in this manner approximates 250 ft. per minute piston speed for 
a wide variety of locomotive designs up to locomotive capacities of about 30 horsepower 
per ton on drivers. 
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In some cases where the stroke and diameter of drivers is known the speed Vi 
corresponding to 250 ft. per minute can be calculated by substituting in the following 
formula 

V - -01785 XDXL 
S 

Where V = locomotive speed in miles per hour 
D diameter of drivers in inches 
L = piston speed in feet per minute 
S = stroke in inches 


Having found Vi and kno\idng the maximum horsepower developed per ton on 
drivers K proceed as follows to determine n 

As previously stated, when V = Vi the horsepower developed is assumed to corre- 
spond to a tractive effort equal to 30 per cent of the weight on drivers times Vi divided 
by 375 or 


Kil — e-nV) .30 X 2000 X F. 

.375 


1 


37S 



nVi = log 


n 



1 

1 — 600 X 
375 K 


= M 


For example assume Vi = 12 and iC = 40 then 


nVi = log 


1 

1 — _m XU 
375 '40 


= log 1.923 = .654 


n 


.654 

V, 


By substituting this value of « in the expression (1 — the following speed 

factors can be obtained from tables giving values of e 


Horsepower Speed Factors 


By Formula BF = X (1 — e—~. ) 

Vi ^ 


Speed 

Speed 

Factor 

Speed 

Speed 

Factor 

Speed 

Speed 

Factor 

V = 1.0Vt 

.480 

F = 3.0Fi 

.860 

F=5.0Fi 

.960 

I.SV 1 

.625 

3.5Fi 

.900 

6.OF1 

.980 

2.OF1 

.730 

4.OF1 

.928 

7.OF1 

.990 

2.5Fi 

.803 

4.5Fi 

Ml 

8.OF1 

.995 

By substituting the value 

of » - 

V. 

for -i- in 

V. 

the discussion on page 565 the 

maximum driver horsepower is obtained when the speed is equal to 5.67 X Fi or 6S MPH 


which corresponds to 1400 ft. per minute piston speed instead of 1000 ft. for old line 
locomotives. 
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To the American Railway Engineering Association: 

Your Committee on Masonry respectfully presents herewith report covering the 
following subjects: 

1. Revision of Manual (Appendix A). 

2. Specifications and principles of design of plain and reinforced concrete (Appen- 
dix B). 

3. Progress in the science and art of concrete manufacture (Appendix C). 

8. Specifications for repairing deteriorating concrete (Appendix D). 

9. Design of expansion joints involving masonry structures (Appendix E) , 

The Committee reports progress on 

4. Contact with Joint Committee on Standard Specifications for Concrete and 
Reinforced Concrete. 

5. Specifications for foundations. 

6. Methods and practices of lining and relining tunnels. 


Action Recommended 

1. That the change in the Manual in Appendix A be approved for printing as re- 
vised material for the Manual. 

2. That Appendix D be approved for printing in the Manual as recommended 
practice. 

3. That Appendices B, C, and E be received as information. 

Respectfully submitted. 

The Committee on Masonry, 

Meyer Hirschthal, Chairman. 


Appendix A 

(1) REVISION OF MANUAL 

J. F. Leonard, Chairman, Sub-Committee; Theo. Doll, G. F. Eberly, A. C. Irwin, J. A. 
Lahmer, A. N. Laird, C. P. Richardson, D. B. Rush, L. W. Walter, C. A. Whipple, 
J. J. Yates. 

Your Committee recommends the adoption of the following revisions of and addi- 
tions to the present recommended practices now appearing in the Manual: 
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PROPOSED REVISIONS OF SPECIFICATIONS FOR PORTLAND CEMENT 
CONCRETE, PLAIN AND REINFORCED 

Present Article 8 (page 567) 

Mixing water shall be free from oil, acid, and injurious amounts of vegetable 
matter, alkalies, or other salts. 

Proposed Article 8 

Mixing water shall be free from oil, acid, and injurious amounts of silt, vegetable 
matter, alkalies, or other salts. 

Present Article 10, page 568 

tc It 

Structural steel shapes used for reinforcing shall conform to the requirements of 
the American Railway Engineering Association’s Specifications for Steel Railway Bridges, 

Proposed Article 10 

U Ji 

Structural steel shapes used for reinforcement shall conform to the requirements 
of the American Railway Engineering Association’s Specifications for steel for the cor- 
responding type of structure. 

Present Article 13, page 568 

Wire for concrete reinforcement shall be cold drawn steel wire. 

Proposed Article 13 

Wire used for concrete reinforcement shall conform to the current specifications of 
the American Society for Testing Materials for “cold drawn steel wire for concrete 
reinforcement” (Serial Designation A-82-21). 

Article 14, page 568, Add 

Wire shall conform to the provision of Article 13. 

Present Article 59, page 577 

Joints in columns shall be made at the underside of the floor. Haunches and 
column capitals shall be considered as part of and to act continuous with the floor. 
At least two hours must elapse after depositing concrete in the columns or walls before 
depositing in beams, girders, or slabs. 

Proposed Article 59 

Joints in columns shall be made at the underside of the floor. Haunches and 
column capitals shall be considered as part of and to act continuous with the floor. 

Present Article 63, page 577 

“( )”. 

Proposed Article 63 

Where construction joints are required to be water-tight, a continuous key way 
shall be constructed in the face of the first section of concrete placed, and continuous 
sheet of non-corrosive metal not less than 12" wide placed so as to extend the full 
length of the joint and be embedded equally in the concrete on each side thereof. 
Before continuing with the placement of concrete, the joint shall be thoroughly cleaned 
of laitance or other foreign material and saturated with water. The concrete shall then 
be placed in such a manner as will insure an excess of mortar over the entire surface 
of the joint. 

Present Article 64, page 577 

“( )”. 

Proposed Article 64 

Concrete required to be water-tight shall be made with strict adherence to all 
provisions in these specifications regarding the choice of materials, proportions, con- 
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sistency, mixing, placing, protection and workmanship. The quantity of water used per 
sack of cement shall be the minimum consistent with workability and the requirements 
for placing. 

Present Article 72, page 579 

"( )”. 

Proposed Article 72 

The following requirements, in addition to the provisions hereof applying to forms, 
mixing, conveying, depositing, etc,, except as modified by the plans or by the direction 
of the Engineer, shall be applicable to the construction of concrete surfaces exposed 
upon the completion of the structure; 

(a) All face forms shall be smooth and water-tight. If of wood, the face boards 
shall be sized to a uniform thickness and aU offsets or inequalities dressed to a smooth 
surface. They shall be tightly placed and all openings and cracks pointed flush, as di- 
rected by the Engineer, to prevent leakage and the formation of &is. Forms shall be 
so constructed that they can be removed without hammering or prying against the 
concrete surface. 

(b) ‘ Exposed surface shall be cast in one continuous operation between prescribed 
construction limits. Construction and expansion joints not shown on the plans shall be 
made only as directed by the Engineer and shall be true to line with sharp unbroken 
edges, beveled or rounded as specified. 

(c) The same brand of cement and the same kind and size of aggregate shall be 
used throughout the whole of any exposed surface. 

(d) The concrete shall be so mixed, placed, and worked with a spading tool that 
the aggregate is uniformly distributed and a full surface of mortar brought against the 
form free from air pockets and void spaces. If the finish is to be one that will expose 
the coarse aggregate by either rubbing, tooling, sandblasting or acid treatment, then 
after the full surface of mortar has been worked against the form, the coarse aggregate 
shall be spaded against the form, to secure a uniform distribution at the face and a 
uniform mixture of the exposed aggregate in the finished surface. 

(e) The forms shall be carefully removed from the surfaces as early as prac- 
ticable, and all fins, joint marks, projections, and inequalities chipped off. If there 
should be found any small pits or openings in the exposed surface of the concrete or 
if bolts are used for securing the forms the ends of which on removal leave small holes, 
the surface shall be thoroughly saturated with water and all such holes, pits, etc., 
shall be neatly stopped with pointing mortar of cement and fine aggregate in the same 
proportion as used in the concrete, and smoothed even with the surface with a wooden 
float. Ihe mortar shall be mixed in small quantities and shall be used while stiU 
plastic. 

All such work in connection with the correction of damaged sections, voids or 
honeycomb shall be performed under the direction of the Engineer. 

(f) No mortar or cement shall be applied to the surface except to fill pits or 
voids, tie bolt holes, etc., as above provided. Uneven places shall be smoothed by 
rubbing down as hereinafter provided and not by plastering. 

(g) Whenever the forms are removed before the concrete has properly set the 
surface shall be immediately wetted and kept wet for not less than three days. 

Present Article 84, page 581 

“( )”. 

Proposed Article 84 

(d) The moduli of elasticity of concrete in computations for the position of the 
neutral axis, for the resisting moment of beams, and for compression of concrete in 
columns, shall be assumed as follows: 

(1) 1/15 that of steel, when the design is based on a compressive strength of 
concrete at 28 days of 2000 lbs. per square inch. 

(2) ‘ 1/12 that of steel when the design is based on a compressive strength of 
concrete at 28 days of 2500 lbs. per square inch. 

(3) l/lO that of steel, when the design is based on a compressive strength of 
concrete at 28 da)^ of 3000 lbs. per square inch. 

(4) 1/8 that of steel when the design is based on a compressive strength of 
concrete at 28 days of 3500 lbs. per square inch. • 
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Appendix B 

(2) SPECIFICATIONS AND PRINCIPLES OF DESIGN OF PLAIN 
AND REINFORCED CONCRETE 

A. N. Laird, Chairman, Sub-Committee; J. F. Leonard, F. E. Bates, T. L. Condron, 

Hardy Cross, J. L. Harrington, A. C. Irwin, A. R. Ketterson, C. P. Schantz, L. W. 

Skov, A. W. Smith, I. F. Stern, C. C. Williams. 

(a) The Committee presents a design for a ballasted deck reinforced concrete 
trestle with sections and details contained in Fig. 1 to 7 inclusive. This is presented as 
information. 

(b) While the Committee is not in a position to present a specification for the 
design of reinforced concrete structures as rigid frames, there is presented herewith a 
monograph on the subject by one of its members. This is presented as information. 

(c) The Committee reports progress on the subject of Specifications for Concrete 
Arches. 

(d) The revisions of Concrete Specifications is presented by Sub-Committee 1 as 
revisions of the Manual. 

Section A 

RIGID FRAME BRIDGES 
By Professor Hardy Cross 

General Characteristics 

A relatively new type of structure known as the rigid frame bridge has appeared in 
American practice. It offers attractive architectural possibilities, and because it may be 
made very thin at the center it saves yardage of cut or fill in the approaches of over or 
undercrossings. The type is not, however, as new as is sometimes supposed. A letter 
from A. A. Brielmaier in Civil Engineering for October, 1932, cites European examples 
dating back to 1904. There is apparently good evidence to support the claims for 
economy of this type in certain cases. Great rigidness has also been claimed; this term 
is not very definite, but if small deflection under live load is meant, there is good reason 
to think that the claim is not well founded. 

The term “rigid frame bridge” is often used with some vagueness; for present pur- 
poses we may define such a bridge as one in which the determination of the strength of 
the structure is based on the continuity obtained by making the girders structurally in- 
tegral and continuous with the columns or piers and often with the abutments. 

Continuity with the abutments is suggested partly to reduce the positive moment in 
the end span and partly to reduce the size of the abutments by changing them from canti- 
lever structures to beams supported and at least partly fixed at top and bottom. This 
results in some saving of yardage both of concrete and of excavation but replaces mass 
concrete by reinforced concrete. 

The restraint offered to the ends of the girder by the heavy abutments and piers 
makes them act merely as beams fixed at the ends, since, at least for highway loading, 
the dead load is much greater than the live load, satisfactory preliminary designs may be 
made by treating the girders as fixed-end beams subject to dead load. But in girders 
fixed at ends, the center moment is much smaller than at the supports, hence the soffits 
may be curved, thus reducing the dead load, and reducing the required depth at the end. 

Continuity of girders with piers reduces the maximum positive moments in the gird- 
ers, but throws into the columns or piers objectionable bending stresses. If the columns 
are slender these stresses are not serious, but such columns lack rigidity against traction 
thrusts. If the columns are made deeper the flexural stresses in them become serious 
unless they are made wide enough to be essentially girders, as they often are. 
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Uncertainties as to Structural Action 

This type of structure evidently involves some uncertainties as to its action, of which 
the following are the most important. 

(a) Uncertainties as to modulus of elasticity. The value of B afiects directly the 
stresses produced by changes of temperature by shrinkage and by movement of founda- 
tions. For given proportions of the structure, the distortions produced by given changes 
in length are feed. But the stresses corresponding to these distortions vary directly 
with the modulus of elasticity. As is now well understood, this quantity may vary for 
instantaneous effects from 2,000,000 lb. per sq. in. to 4,000,000 lb. per sq. in., though 
values higher and lower than these are occasionally found, the exact value depending 
somewhat on the amount of deformation but chiefly on chance. For distortions pro- 
duced gradually or for stresses long continued, the ratio of stress to strain is much reduced 
by flow of the concrete. 

(b) Uncertainties as to earth pressure. The earth pressures against the abutments 
may equal the active earth pressure; if the earth shrinks away from the abutment they 
may be zero ; if the bridge expands into the fill or tends to swing laterally under unbal- 
anced load, they may be greater than the active pressure. These uncertainties affect 
the design of the reinforcement in the abutments more than they do the design of the 
girders. 

(c) Uncertainties as to foundation distortions. The foundations may not be en- 
tirely fixed. The footings may settle vertically, they may rotate or they may spread 
horizontally. If both footings settle vertically by the same amount no harm is done 
to the structural frame and small differential settlements are not especially dangerous. 
Small rotations of the footings change very much the curves of moments on the abut- 
ments but they do not affect seriously the moments in the girders. But small horizontal 
movements of the abutments seriously endanger the stability of the girder, this being 
especially important in short spans. If there were no horizontal reactions in the abut- 
ments, there would be almost no bending in the abutments and the girder would act as 
a beam simply supported. 

Special attention should therefore be given to the horizontal stability of the foot- 
ings, the more so the shorter the span. In this respect the structural type is similar to 
the arch; indeed the tjpe in which the girder is continuous with the abutments is essen- 
tially an arch in which the axis is improperly shaped for its dead load polygon, the 
change in shape being dictated by considerations of clearance and by convenience of 
construction. 

Attention should be directed to the sensitiveness of the positive moments at the 
center of the span to variations in assumptions as to the action of the structure, espe- 
cially where the soffits of the girders are curved. The computed moments at the center 
have been reduced by nerhaps eighty per cent or more as a result of continuity and any 
variation in this reduction represents a relative error many times as great in the positive 
moment. The chief source of danger from this cause is the continued spread of the 
footings under the action of the dead load. With such large effects on the positive 
moments from spread, the factor of safety against failure at the center of the girder needs 
full consideration. This type of structure seems ill adapted to unstable foundations. In 
any case apparently about the best that can be done after giving careful attention to 
the design of the foundations, is to estimate possible displacements and include their 
effects as elements in the design. 

(d) Uncertainty as to relative stiffness of the members. This is e^cially signifi- 
cant in determining the relative stiffness of piers or abutments and of T-beams. It is 
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clear that the term El used in analyses of continuous frames is a physical constant, not 
a mathematical abstraction. It is the rotation per unit of bending moment for a unit 
length and in T-beams the prediction of this quantity is very difficult. 

For rectangular beams it is probably satisfactory to assume a moment of inertia 
equal to that of the full transformed section. 

For T-beams the following methods of computing the moment of inertia have been 
suggested: 

(1) Moment of inertia of full transformed area of cross-section including full 
width of flange to center lines between adjacent girders. This, in the writer’s opinion, 
pretty closely represents the facts. 

(2) Moment of inertia of full transformed area of cross-section including permis- 
sible flange widths specified for design. This has apparently no logical basis. 

(3) Moment of inertia based on the transformed area of the stem only, neglecting 
the overhanging flange, this value to be multiplied by a constant to allow for the effect 
of the flange. The simplicity of the method makes it valuable in preliminary design. 
The constant multiplier may be taken as five. 

The effect of the uncertainty as to relative values of I indicated is not as serious as 
might at first appear. 


Design 

The following recommendations are made as a basis for design: 

Preliminary Design. — It is recommended that in the preliminary design of the 
girders they be treated as fixed at ends. 

Where, in such structures, it is desired to curve the soffits of the girders to gain 
clearance or for other reasons, these girders should also be treated as beams fixed at the 
ends. 

Loads. — Such structures shall be designed for combinations of the following loads 
and distortions: 

(a) Dead Load. 

(b) Live load systems as specified for railway or for highway bridges. 

(c) Distortions for change of temperature.* 

(d) Distortion from volume changes in setting, equivalent to temperature change 
of 20° F.** 

(e) 1. Full active earth pressure against the abutments. 

2. No earth pressure against the abutments. 

(f) Vertical and rotational movements of the foundations, estimated on the basis 
of the characteristics of the foundation. 

Working Stresses. — ^For combinations of live load, dead load and earth pressure, 
the working stresses prescribed in the general specifications for concrete structures shall 
be used. For combinations including distortions from change of temperature and shrink- 
age, an increase in allowable working stresses of 25 per cent shall be permitted. For 
combinations including also foundation distortions an increase in allowable working 
stresses of 33% per cent shall be permitted. In aU cases the maximum section deter- 
mined by any of the combinations indicated shall be provided. 

Assumptions in Analysis. — ^The moments, shears and longitudinal forces produced 
in such structures shall be determined by analyses based on the theory of elasticity. The 

* At 40® latitude and sea level the variation from normal to be assumed shall be plus or minus 40 *F. 
tor otbCT latitudes and exposures thfe figure should be modified for such conditions. 

. Where methods of ccmstniction are used to eliminate this effect, this distortion need not be 
mciuded. 
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moment of inertia of each section shall be taken as that of the full transformed section, 
the section of girders to include the slab for a width halfway to adjacent parallel girders. 
In computing moments the value of JS shall be taken as 3,CX)0,000 lb. per sq. in. 


Methods of Analysis 

Suggested Procedure in Analysis 

Any method of analysis may be used which satisfies the requirements of statics and 
which is based on the preservation of continuity in the structure; the variations of such 
methods are nearly unlimited.^** 


*■ The followiHg references give fundamental methods. 

“Analysis of Continuous Frames by Distributing Fixed-end Moments,” Hardy Cross, Trans. A.S.C.E., 
1932. 

“Continuoi^ Frames of Reinforced Concrete,” Hardy Cross and N. D. Morgan, John Wiley & &>ns. 
“The Modified Slope-Deflection Method,” L. T. Evans, Journal A.C.I., October 1931. 

“Moments in Restrained and Continuous Beams by the Method of Conjugate Points,” N'ishkian 
and Steinman, Trans. A.S.C.E., June 1927. 

The energy methods, including the method of least work, will, of course, give the same results. 
They do not, however, appear to be very convenient in the problems here discussed. 

The well-lmown deformeter-gage method, using the apparatus of Professor George E. Beggs, is de- 
scribed in detail in “The Rigid Frame Bridge” — A. G. Hayden, John Wiley & Sons and elsewhere. 

Other references bearing on the methods of analysis follow: 

Slope-Deflection 

The fundamental method, restricted however to members of constant section, is given in “Analysis 
of Statically Indeterminate Structures by the Slope-Deflection Method” — ^Wilson, Richart, and Weiss — 
Bulletin 108, Engineering Experiment Station, University of Illinois and in several standard texts. 

The extension of this method to members of varying section is indicated briefly in “The Column 
Analogy” — ^Hardy Cross — Bulletin 215, Engineering Experiment Station, University of Illinofe. 

Moment Disteibution 

“Continuity as a Factor in Reinforced Concrete Design,” Hardy Cross— Proc. A.C.I., 1929. 
“Structural Analysis Based on the Moment Distribution Method of Cross” — ^T. D. Mylrea — Proc. 
Eng. Soc. of W. Penna., 1931. 

Design of Steel Mill Buildings (Fifth Edition, 1932), Milo S. Ketchum, McGraw-Hill. Chapter 
XVIII A — Stresses in Stiff Frames by Moment Distribution. 

Principles of Reinforced Concrete Construction (Fourth Edition, 1932) — ^Tumeaure and Maurer — 
John Wiley & Sons. 

Structural Theory — Sutherland and Bowman, John Wiley & Sons. 

“The Moment Distribution Method of Structural Analysis”, G. E. Large and Clyde T. Morris — 
Bulletin 66, Engineering Experiment Station, Ohio State University. 

The following references describing rigid-frame bridges are also of interest. 

The Rigid Frame Bridge — ^Hayden — John Wiley & Sons. 

Reports of the Westchester County Park Commission. 

“Rigid Frames and Continuous Concrete Spans” — J. W. Baretta — Civil Engineering — September 1932. 


Analysis for Live Loads 

Where the live load is a series of concentrated loads — ^trucks, trolley cars, or railway 
loads — ^it is convenient to find maxima by the elementary procedure of moving the loads 
across the bridge and determining the moments produced. An approximate idea of the 
shape of the influence lines is useful as an aid in spotting the loads, but is not necessary. 

In order to avoid repetition of computations, draw first the two influence lines for 
fixed-end moments in each span. Then distribute unbalanced moments of 100 succes- 
sively at each support. Now with the loads in any given position, scale the ordinates 
of the influence lines for fixed-end moments, multiply by the loads and so find the total 
fixed-end moments, distribute these by use of the factors Just determined. The curve of 
moments for this position of the loads is then easily drawn. The envelopes of all such 
curves of moments are the curves of maximum moments for the system of loads. 

Curves of maximum shears may be got by a similar procedure. Maximum moments 
and reactions in the piers may also be determined. 

Illustration of Computation of Shears and Moments with Concentrated Load Sys- 
tems. Fig. 1* illustrates the determination of all values of shears and moments in a 


* Taken from Continuous Frames of Reinforced Concrete — Cross and Morgan. 
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frame of two spans for one position of a series of concentrated loads. A series of such 
values are to be found for successive positions of the locomotive and maxima determined 
in this way. The outlines of the structures and the loading used are chosen merely to 
illustrate the method. Note that only one influence line for end moments is used in the 
span which is simply supported. 

The essential steps in the procedure are (a) the influence lines for fixed-end moments, 
(b) the distribution of unbalanced moments at each joint except the end which is freely 
supported, (c) the force polygon and string polygon for the loads. These are used over 
and over for different positions of the loads. 

The loads are assumed to be placed on the structure in the position shown. Scale 
the influence ordinates for fixed-end moments, multiply by the loads and set the totals 
at the corresponding ends of the girders. Multiply by the distribution factors and find 
total end moments. Lay off these end moments from the string polygon for the loads 
and draw the closing lines as shown. This gives at once the complete curve of moments. 
If we draw, in the force polygon, rays parallel to these closing lines, these rays divide the 
load polygon into the reactions. We can then project over the end shears and the forces 
to give the curve of shears on the span. 

After the curves of moments and shears are drawn for aU positions of the load which 
are to be considered, the values for maxima may be plotted and the curves of maxima 
drawn. 

If the above procedure is used, the influence lines, if used at all, would be merely 
sketched as a guide in spotting the loads. If, however, the computer wishes to draw 
them to scale, he may follow the procedure just explained, drawing curves of moments 
and shears for successive positions of a unit load and taking from these such values as 
are wanted in plotting the influence lines. 

Curves of moments and shears for dead loads may be computed by the procedure 
above. 

Effect of Temperature Changes, Shrinkage and Movement of Foundations. Compute 
first the moments which would be produced at the ends of the members by such distor- 
tions if the ends were rigidly fixed against rotation. These moments may then be dis- 
tributed throughout the frame by use of the constants for distributing unbalanced 
moments found above, just as was done for fixed-end moments produced by loads on 
the structure. 

Formulas roR Elastic Constants. — ^The elastic constants required in the analysis 
may be computed by use of the formulas below. Consistent signs for the distances in- 
volved must be used throughout. In any member 

Let A be any short length of the axis, the moment of inertia of the cross-section at 
this point being I. 

X be the distance to this section. 

X be the distance to the end of the member, subscripts denoting the end under 
consideration. 

These distances are to be measured from the elastic centroid, determined so that 
A 

'S. — x = 0 

End moments due to unit rotation of one end without movement of the other end, 



E 


at the end A being rotated 
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E 



1 J 


at the end B held fixed 


End moment due to unit relative transverse displacement of ends without rotation = 


L 

E 



, X being measured to the end under consideration. 


Fixed-end moment due to unit concentrated load, 

A A 

2(a: — e) — — 

h X 

T 

where e is the distance from the elastic centroid to the load, the summations in the 
numerators to be taken from the load to the end of the member opposite to that under 
consideration.* 

If one end of the member is free, the fixed-end moment at the other end may be 
computed by first finding the end moments of and 2 Lt A and at B if both ends 
are fixed. Then moment at end A fixed when end B is free is 


Ml + 


1 



-f 


1 

A + 



Xa Xb 



A 

T 


Curves and Tables for Constants — Curves for some of these constants are available 
for certain assumed cases. 


Keference may be made to: 

Curves by L. T. Evans in his paper, loc. cit. 

Curves by Large and Morris in t^ir bulletin, loc. cit. 

Curves by Thor Germundsson, Civil Engineering, October, 1932 (only one of the sets of curves is 
shown, the full lithographed set being supplied for a small price by the A.S.C.E.) 

Continuous Frames of Reinforced Concrete, Hardy Cross and N. D. Morgan, John Wiley & Sons, 
pages 139-lSS. (The curves follow those of Evans with additions and modifications.) 

See also, “The Column Analogy,” Bull. 215, Univ. of 111., for a general method of computing the 
constants. 

Tables of constants for haunched beams are also to be found in Principles of Reinforced Concrete 
Construction — ^Tumeaure and Maurer. 

Concrete — ^Plain and Reinforced — ^Taylor, Thompson and Smulski — ^Vol. II, John Wiley & Sons. 

See also tables of constants for use with the Method of Conjugate Points in discussion by Walter 
Ruppel of paper by Nishkian and Steinman, loc. cit. 


In general the curves and tabulated constants are not “exact” in any general sense, 
but are correct only for the assumptions on which they are based. 

(a) Usually they assume that la^- Iii order to use them in other cases it is 
necessary to draw an “equivalent haunch” in which d \/ l and select the curve 
whidi most nearly approximates this haunch. In general this method may be expected 
to give very satisfactory results. 


This moment, if we use the usual convenUon of signs for bending moments, is always negative. 
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(b) They necessarily assume that the haunch shown extends to the center of inter- 
sections of the members at the joint. The error from this source is not serious, but it 
should be recognized. 

Note that the same curves may be equally applicable in severat methods of analysis. 

Thus at one end of any straight member 
Let S = stiffness 

r =z carry-over factor 
M' ~ fixed-end moment 
M — total moment 

M"=z change in moment from fixed-end moment 
0 = rotation 

Subscripts a or 6 indicate the end under consideration. Note that ~ r,„Sh (Recip- 
rocal Relation of Loads and Displacements) 

By definition 

Ma = -f- Th^'b^b = .Sa(0a+r.<^b) (1) 

This is the fundamental equation, of displacements as applied to a straight member. By 
writing equations 2 if — 0 (2if^‘ = " at each joint, determine values of 0 and 
from these values of M. If the members are of uniform section, this is the method of ‘ 

slope-deflection. 

From Ma = ^Sa0a^-rb^b0b and Mh = 
deduce 


Ml — TbMb = — r«rb) 

Designate the quantity 6'a(l — 

Summing at joint A, noting that 0^is the same for all members, 

2 Ml ~ 'Sn Mh = 

Then 

Ml — rbMb ^{Ml — TbMb 

Substitute for M'^ and M'^ and rearrange 

M.-rtMi. 2(^«-rbMb) _ 2{MK-rtMK) 

which is the general equation of continuity at any joint, subscript a referring to any one 
member at that joint when not preceded by the summation sign and to all members at 
that joint when preceded by 2, and subscript b referring to the other ends of the mem- 
bers meeting at that joint. 

The term M ^ has been included here for symmetry of form in the equation. It is, 

of course, equal to zero as indicated by the cancellation. 

Equation (2) has, apparently, not been published before. From it the equation of 
three-moments for beams of constant section not continuous with columns may be de- 
duced as a very special case. It is to be used like the theorem of three moments by writ- 
ing one such equation for each terminal moment and solving the groups of equa- 
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tions simultaneously. The method of moment distribution solves these equations in a 
special way. The interest of the deduction here is that it indicates how the same con- 
stants may be used in different methods of analysis. 

SiDEswAY.—An analysis of a rigid frame is made more easily if there is no linear 
movement of the joints. For unsymmetrical loading conditions such movement would 
occur if not restrained, the effect being to relieve the larger critical moments. In the 
frames here discussed such “sidesway” would usually be resisted by passive pressure of 
the backfill if the girders are continuous with the abutments and in other cases would not 
be important. Therefore the structure may be analyzed on the assumption that the 
joints do not move. 

Rib-Shortening.— The formulas given above neglect distortions due to shear and 
to longitudinal forces. In arches it is customary to correct for the effect of the longi- 
tudinal forces. In the type of structure here referred to a correction may be made in 
much the same way as in arches, but the effect is small and is easily masked by the un- 
certainties involved in the linear distortions arising from other causes. 


Section B 



Elevation 


Section 


Design eor Single Bent, Reinforced Concrete Trestle. 




fLEy/tTioN Section 


Double henfs fo be used 
where ever heigh f requires 

Design for Double Bent, Reinforced Concrete Trestle. 



Section A- A 


Design for Trainmen’s Walk, 
Reinforced Concrete Trestle. 




Elevation at Bents 
Multiple Track 
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General nc/es:- 

Desjgned In accordance wti-h spec/f/caf/ons for PorHand Cemen’f' 
concrere, plain and re fn forced of f he A. PS. A. fManual 1929) 

Class or concrete '3SOO. 

Grade of re/n forcing sleel- In-f-ermedfafe. 

Lhe load- Coopers t GO. 

lmpaci'~ 50 % added fo yve/ghr on drivers for slabs and 25% for piles. 

Handling sf resses- Top bars in s/abs for handling jvirh sHrrups 
and for confer block! rig. PeinforcemenT in piles vanes with lengrh 
and method of handhng. 

Axis / load on plies * 30 Ton. 


Design for Slab, Reinforced Concrete Trestle, 
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Appendix C 

(3) PROGRESS IN THE SCIENCE AND ART OF CONCRETE 
MANUFACTURE 

L. W. Walter, Chairman, Sub-Committee; J. T. Andrews, M. C. Blanchard, L. V. 

Haegert, A. D. Harvey, W. K. Hatt, A. C. Irwdn, O. V. Parsons, D. B. Rush, C. A. 

Whipple, D. E. Woozley, W. K. Wyatt, J. J. Yates. 

CURING 

When neat Portland cement is mixed with only enough water to form a plastic paste, 
we may visualize the grains of various sizes separated by a thin film of water. Increas- 
ing the amount of water slightly, simply increases the thickness of the water film and by 
continuing to increase the water a layer of water wiU appear on top of the saturated 
paste. After the introduction of the water, hydration products are formed on the surface 
of the grains and occupy space formerly occupied by the water. Continuance of the 
formation of these hydration products results in connecting the grams at first by thin 
walls or columns which, as hydration proceeds, grow in strength and occupy more and 
more space formerly taken up by the water films. The conditions recognized as “initial 
set” and “final set” are simply arbitrarily selected stages in a continuing process. It is 
evident that the larger and stronger the connecting walls become, the smaller will be the 
unfilled spaces between the grains and the greater will be the watertightness of the mass 
and its resistance to external forces. Continuation of this process of hydration to the 
condition of watertightness and great strength is the primary purpose of curing. 

In a practical sense proper curing is that control of moisture and temperature con- 
ditions surrounding the concrete after placement, that prevents or minimizes evaporation 
of contained mixing water and secures and maintains a favorable temperature throughout 
the curing period. The effectiveness of all methods of curing may be judged on the 
basis of this definition. 

The effect of curing on the strength and absorption of concrete has been shown in 
previous reports (Vol. 20, Proceedings, 1919, and Vol. 22, Proc^dings, 1921). It is there 
indicated that as long as proper curing is continued, the strength and resistance to wear 
of the concrete increases. Later research has amply confirmed these conclusions. The 
reports of this Committee for 1930 also give some data showing that proper curing 
reduces the absorption as well as the permeability of concrete. 

Some of the results of comprehensive tests on permeability now available are shown 
in Fig. 2. 

The test specimens were, in general, discs of concrete two inches thick by six inches 
in diameter and included various water ratios and periods of curing. The maximum size 
of aggregate was ^ inch and the discs were subjected to 80 pounds water pressure per 
square inch throughout the period of test. Details of the testing apparatus are shown 
by Fig. 1. All specimens were surface dry at the beginning of the test. Before testing, 
the surfaces were ground to a depth of about inch to 54 iuch. They were removed 
from the molds from 20 to 24 hours after being made and were cured in a moist room 
at 70° Fahr. and relative humidity of 100 per cent until insertion into the testing appa- 
ratus. 

The curves show that the permeability decreases with the length of time of moist 
curing for all of the water ratios and their corresponding mixes. The 9-gaIIon and the 
8J4-gallon mixes did not become entirely watertight even after 28 days moist curing. 
However, the 754“gallon mixes were practically watertight as measured by leakage after 
28 days and the 6-gallon tioixes were watertight in 7 days. A feature of these tests was 
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the fact that specimens in the testing apparatus showed positive evidence of curing with 
about the same rate of decrease in permeability as those cured in the moist room for a 
like period. In other words, the curing process continued while the discs were under 
pressure and water was passing through them. It is also interesting to note that speci- 
mens of 6-gallon mixes, when tested after 28 days moist curing, showed no leakage under 
250 pounds per square inch pressure for 30 minutes. After 9 days moist curing there 
was only a trace of leakage. 

The practical significance of this curing effect of water must be judged on the as- 
sumption that other factors cannot be ignored. Even proper curing cannot be expected 
to seal up laitance seams, honeycombed sections or sizeable cracks or other defects. 

Methods of Curing 

The relative merit of various methods of curing is still a matter of dispute, but a 
majority of investigators agree that continuous moist curing, under temperature control, 
is the preferable method and a most dependable one. 

1. Steam Curing 

(a) High Pressure. — Since the hardening process is greatly accelerated by heat, 
“steam curing” has been employed as a means to obtain early use of concrete. It h 
obvious that temperature and pressure control are inseparable from proper curing. In 
many instances the strength of concrete has been seriously impaired by too much em- 
phasis on the temperature obtainable in steam curing and not enough to the vital re- 
quirement of moisture. Both air and water expand with an increase in temperature, and 
water vapor may exert noticeable pressure at temperatures considerably below the boiling 
point. Superheated steam in a no pressure ciuing chamber may raise the temperature of 
the concrete to or above the boiling point of water with consequent vaporization of the 
contained water and expansion of the contained air. This internal pressure would most 
certainly be harmful to the green concrete, and in addition on withdrawal of such treat- 
ment, without any other moist curing, the units would tend to dry out rapidly with con- 
sequent loss of strength and durability. However, if the curing chamber is closed and 
capable of taking pressure so that the units of concrete will be under equal pressure 
from all sides, the curing process may be greatly accelerated without injury to the con- 
crete. This is known as “high pressure steam curing”. 

(b) Low Pressure Curing.— The term “low pressure steam curing” is applied to 
the method in which steam is used to supply heat either in pipes or in the air of the 
curing chamber but without appreciable pressure within the chamber and with an 
adequate supply of moisture. The temperature should not exceed 125° Fahr. In gen- 
eral, the air surrounding the concrete should be supersaturated. 

The use of salamanders or dry steam pipes that merely heat the air in an enclosure 
and thus produce rapid evaporation of moisture from the surface of the concrete cannot 
be too strongly condemned. Adequate moisture must be present. 

2. Chemical Applications 

(a) Calcium Chloride. — Flake calcium chloride g^read upon the surface of con- 
crete pavements for curing is approved by the Highway Departments of some states. Its 
value is still a matter of research. Results of investigations show some disagreement and 
particularly when laboratory data is compared with field data. About 254 pounds of 
calcium chloride per square yard of surface is the amount usually specified. 
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Deliquescence of calcium chloride takes place very slowly when relative humidity is 
less than 40 per cent or temperature is in excess of 90° Fahr. Surface applications of 
calcium chloride are therefore not effective under climatic conditions of low relative 
humidity and high temperature. 

Rough averages of test data indicate the effectiveness of such curing as between 80 
per cent and 100 per cent of that obtained with wet earth or burlap. 

Calcium chloride used integrally should be considered only as an aid to curing. It 
accelerates the early hardening of concrete and thus reduces the curing time necessary 
to obtain a given strength. Table I shows that specimens in which calcium chloride was 
used as an admixture and without other provision for curing were lower in strength than 
those without admixture that were moist cured for 7 days. 

(b) Sodium Silicate. — ^Tests indicate that sodium silicate used as a surface appli- 
cation for curing has, apparently, little value. 

3. Coatings 

(a) Paint Coatings. — ^These include paint or spray coats intended to prevent 
evaporation of contained moisture from the surface of the concrete. When such coatings 
are exposed to the sun’s rays, and are black in color there results an increase in the 
temperature and therefore in the volume change of the concrete, at early periods. This 
objection may be largely overcome by applying a coat of light paint to the black surface 
or by dusting on some light colored material. Paint coatings of paraffin or linseed oil 
have considerable value as curing methods. 

(b) Waterproof Paper. — ^The use of waterproof papers that completely cover the 
surface are of value in proportion to their effectiveness in preventing evaporation from 
the surface of concrete that is moist at the time of application. 

Table I shows relative values of different curing methods abstracted and rearranged 
from data published in the Journal of the American Concrete Institute*. These data 
are more favorable to the paint coatings and coverings than would be expected in the 
field for the reasons that after the moist room curing the uncovered specimens were sub- 
jected to the dry air of a laboratory, and received no advantage from rains or high 
humidity air. The specimens with paint coatings and coverings were stored under more 
nearly ideal conditions since they were not subject to abrasion nor to weather damage. 
The results, therefore, for periods longer than those of moist curing of the uncoated 
specimens greatly favor the coated specimens. 

Conclusions 

1. Proper curing is one of the most important single factors in obtaining the desir- 
able qualities of concrete. 

2. The relative value of any method of curing depends upon its effectiveness in 
controlling temperature and preventing loss of water from the mass during the curing 
period. Continuous moist curing with temperature control is a preferred method. 

3. Surface coatings that prevent loss of moisture are in general effective. Black 
coatings that absorb the sun’s rays should preferably be covered with white material. 

4. Proper curing is essential to develop impermeability of concrete made by ordinary 
methods. Tests indicate that concrete of a workable consistency made with six gallons 
or less of water per sack of cement and placed without segregation will be watertight 
after 7 days of moist curing at 70° Fahr. 

* Study of Methcnfe of Curing Concrete, by H. F. Gonnerman, Journal of American Concrete 
Institute, February 1930. 



Masonry 


595 




I 


o 

g 

2 

p 


iz; 

w 

p4 

a 

Cxh 


o 

w 

s 

< 

> 

> 

HH 

W 


-S 53 ^-£ 

^ o 

o •§ -^ 


$3 ^ bo 

G -S 

0^0 
50 ^ G 


_ ooooooo 

|>» Tt'OT-Jt^t^rOCsj 
i^OOOvt^OOcOCvJ 
ti tHI <M fo rj- to 


• o o o o 

• CM O 00 CNJ 

• i-» to O' 

• 


• o o o o O o 

- -"li- J>. CM Tj- 

- JT^ to O CM »-i vO 

• 1-1 CM CO CO fO CO 


o 

PH 

o 


ft bo 

• o o o o o o 

• CM CM CO 00 VO O 

• 00 O' 00 CO n- CO 

c/3 

p 

O 

ffi 

^53 

cd o 
fisO 

bo 

• iH CM CO mJ- 

. . O • o o o 

H 



- • VO • rH O Tj- 

P 


s § 

• - to 1-1 

• ‘CM • ^ to 

s 

M 

o 


• o o o 

• CM vO OO 
. CM 

• 


•^'53 O 
o «:> 0-5 


a 

o 

O 

bO 

.2 

s 

O 


o 


'O 

=! 


I 


o 

:z; 


8 --S 

• • o • o o o 

• *00 • r^tO vO 

. 

Q V- 
O 

. . 1-1 • o O' i:t 

o 

. -CO • to to 

> 

O 

• o o o o o o 

oT 


.O''OrHC0'O«'i' 

. O' O T-« 00 vO tH 
. r-l CO Tt- Tf to 

5 


Q-r-s-^ OOOOOOO 
cmcm'O'^oO'O-T'- 

CMCMOOiMCMCMtO 
^ tHCMCMCOCOcOCO 


• o o o o o 

• O' -rt- VO cO O' 

• O' vO CM r-t CO 
■ CM CO ■'t Mt- 


U 

c 

a> 

s 

< 


< 

H 

* 


•S •0-0 -a -3 S ^ 


bo , 


" s 

O G 

a o 

io 

cn 

:<fe 

* W 

>» 

JQ 



596 


Masonry 


Appendix D 

(8) SPECIFICATIONS FOR REPAIRING DETERIORATING 

CONCRETE 

A. C. Irwin, Chairman, Sub-Committee; G. E. Boyd, Kennerly Bryan, Jr., W. F. Cum- 
mings, Maurice Coburn, G. F. Eberly, L. V. Haegert, W. K. Hatt, J. A. Lahmer, 
C. P. Richardson, D. A. Ruhl, G. L. Staley, G. E. Tebbetts, H. H. Temple. 

1. Scope 

These specifications apply to repairs to concrete made necessary or advisable by 
causes other than foundation failure or overload. They apply to patching, restoration 
and encasement of a structure or part of a structure. 

Engineering plans should be made when strengthening of the structure is involved. 

2. General 

Conditions causing or contributing to deterioration, including faulty drainage, shall 
be corrected where practicable. If impracticable to correct inadequate drainage and thus 
prevent saturation of the concrete where it will be exposed to freezing and thawing, the 
part of the structure so exposed shall be made water-tight by replacing honeycombed 
and unusually porous portions and/or by densification and filling of cracks by methods 
satisfactory to the Engineer. 

Watertight surface coatings will not be accepted unless protected so that water may 
not collect behind them and freeze. 

Loose and deteriorated concrete shall be removed to a sufficient depth to expose 
sound concrete for a bonding surface. 

Thin or feathered edges shall be avoided and the boundaries of the area to be re- 
stored shall be cut square or undercut preferably to a depth of not less than 1 inch. 

Abrupt changes in the thickness of concrete patches or encasement shall be avoided. 

3. Materials 

The materials used shall conform in physical properties to the Specifications for 
Portland Cement Concrete, Plain and Reinforced, of the American Railway Engineering 
Association. 

The color of the aggregate and cement for patching or partial encasement shall be 
selected to produce a color as nearly the same as practicable as that of the old concrete. 

4. Water Ratio and Consistency 

The water-cement ratio of the new concrete shall not exceed 6 gallons per sack of 
cement. A lower water-cement ratio shall be used if practicable. 

The consistency of the concrete shall be such as to permit of maximum compaction. 

5. Reinforcement 

Reinforcement shall consist of mesh and/or bars and where dowels or anchor bolts 
are used it shall be securely fastened to them. 

The sectional area of steel reinforcement where used shall be not less than 3/10 of 
1 per cent of the average sectional area of the new concrete. Where the work extends 
around corners, the reinforcement shall be not less than 6/10 per cent of the section of 
the concrete at the corner. Laps at corners shall be carried far enough along the ad- 
joinmg faces to develop by bond in each face the full strength of the reinforcement or 
positive mechanical anchorage provided that will make the reinforcement continuous 
without loss of tensile strength. 
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Reinforcement in the old structure that is to be included in the repair work shall be 
thoroughly cleaned and any important reduction in area shall be supplied with additional 
reinforcement. All reinforcement involved in the repair work shall be completely em- 
bedded in new concrete and shall be not less than one inch from the surface of concrete 
that will be subjected to severe exposure. 

6. Anchorage 

Dowels and expansion bolts shall be set after the bonding surface is exposed. Any 
space in the old concrete around dowels or anchor bolts shall be filled with cement 
mortar rammed into place or by grouting. The concrete surrounding dowel holes shall 
be kept thoroughly wet for a period of at least one hour prior to packing or grouting. 
Anchors so packed shall be set at least two days prior to attachment of reinforcement to 
them or to placement of concrete, and shall not be disturbed during that time. 

(a) Attachment oe Redsteorcement. Dowels, approved expansion bolts, or other 
anchorage shall be used where necessary to hold the reinforcement in place. 

(b) Provision eor Bond. Where it is impracticable to secure a good natural bond 
between the new and old concrete or where tension or shear at the bonding surface will 
be a principal stress, the integrity of the action of the new concrete with the old shall be 
assured by dowels and/or expansion bolts of sufficient size, number and embedment to 
develop the strength of the new concrete in combination with its reinforcement, if any, 

7. Preparation of Bonding Surface 

(a) The bonding surface shall be rough and clean. Loose particles, dust and dirt 
shall be removed by vigorous brushing with wire brushes, sand blasting or otherwise, 
prior to application of new material. Oil or film of any sort that may reduce the bond 
of the new material to the old concrete will not be permitted. 

(b) The bonding surface shall be maintained constantly wet for a minimum of one 
hour prior to application of new material. After the wetting period sufficient time shall 
be allowed to elapse, or special means used, to remove all surface wetness and to produce 
a damp surface that is slightly absorptive. The fresh material shall be applied when this 
condition is attained. In no case shall fresh material be applied to a dry surface. 

8. Application of New Concrete 

(a) Bom^iNG Coat (Hand Work). The first or bonding coat shall be composed 
of one part cement to one part of sand- The mortar for bonding coats shall be of 
plastering consistency and shall have been mixed from one-half to three hours (depend- 
ing on temperature and humidity) prior to using, but shall be plastic at the time of appli- 
cation. Water shall not be added to retemper the bonding coat mortar. The bonding 
coat shall be applied to a thickness of approximately ^ inch immediately prior to place- 
ment of the body of the new concrete. It shall be projected or splattered against the 
prepared surface with force and shall not be troweled, screened, or disturbed until the 
next layer of new concrete is applied. 

(b) Built-up Patch-— Overhead, Vertical or Steep Sureace. Successive layers 
of concrete shall be applied if practicable while the preceding one, including the bonding 
coat, is still plastic, and until the requisite amount of concrete is applied. If necessary 
to prevent sloughing of an already applied layer, it may be allowed to harden in place 
until it has acquired sufficient strength to hold the next layer, but in this event the next 
layer shall be applied as for a bonding coat. The cavity may be overfilled and brought 
to approximate surface by hammering or pushing on a board in contact with, and ex- 
tending beyond the patch. Excess concrete shall be carefully removed with a sharp tool 
and the patch brought to the required surface by patting with a wood float or trowel. 
Heavy troweling or working of the finished surface will not be permitted, until the con- 

A 
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Crete has acquired sufficient stiffness to prevent disturbance of its original position below 
the surface troweled. All troweling and/or floating of the plastic surface shall be lightly 
done so as to limit its effect as far as possible to the surface. 

(c) Built-up Patch— Horizontal Top Surpace. After the bonding coat, the con- 
crete shall be rammed into place until the cavity is overfilled. The patch shall then be 
further consolidated by hammering on a board in contact with but extending beyond the 
patch. This shall be repeated prior to initial set of the cement. Excess concrete shall be 
carefully removed with a sharp tool so as not to drag the surface and the final finishing 
accomplished by patting and light troweling, 

(d) Packing in Forms. Where restoration or encasement is accomplished by ram- 
ming the new concrete in between forms and the old surface, the forms shall have suffi- 
cient strength to withstand the pressure of the new concrete without yielding appreciably. 
If possible, the new concrete shall be placed in layers, each rammed solidly into place 
while the preceding layer is plastic. In any case the new concrete shall completely fill 
the space provided and present a surface identical in location with the original. Vibra- 
tion of the forms in lieu of ramming is subject to approval of the Engineer. Vibrators 
shall preferably deliver not less than 3000 impulses per minute. 

' 8a. Cement Gun Work. Cement gun concrete shall be a mixture of one part Port- 
land cement and approximately three parts sand free from particles inch size and over. 
The amount of sand shall be based on dry, loose measurement but shall have not more 
than 8 per cent by weight of moisture when mixed with the cement. The sand and 
cement shall be thoroughly mixed before being put into the hopper of the cement gun. 

The air pressure in the cement gun shall be maintained uniform and not less than 
35 pounds per square inch, while placing the mixed material. This pressure shall be in- 
creased for horizontal delivery distances exceeding 100 feet and for vertical distances 
exceeding 25 feet. The water pressure shall be not less than 25 pounds per square inch 
more than the air pressure. The nozzle of the gun shall be directed as nearly as possible 
at right angles to, and shall be held at 2 feet to 4 feet from the working surface. 

A sufficient number of coats shall be applied to obtain the required thickness but not 
less than two coats shall be placed. The thickness of each coat shall be such that it 
will neither slough nor decrease the bond with the preceding coat. At least two hours 
shall elapse between the placement of succeeding coats. 

Shooting strips shall be used to obtain true lines, corners and surfaces, but the final 
or flash coat shall not be troweled or worked in any manner. 

9. Curing and Protection 

The surface of all new concrete shall be kept from becoming dry for a period of at 
least seven days beginning immediately after placement except where high early strength 
concrete is used in which case the curing period may be shortened as determined by the 
Engineer to that which will produce equivalent strength. 

Repair work shall not be done in freezing weather unless properly protected nor 
until the old structure is free from frost. The new concrete shall have a temperature 
when placed of not less than 50 deg. Fahr., nor more than 120 deg. Fahr., and shall be 
kept at a temperature not lower than 50 deg. Fahr., for not less than 72 hours after 
placing, or until the concrete has thoroughly hardened. 

10. Encasement 

Where the repair work consists of encasement definite provision satisfactory to the 
Engineer shall be made at the time the work is being done, for the prevention of sub- 
sequent entrance of water between the old and the encasing concrete, particularly where 
it will be subject to alternate freezing and thawing temperatures. 
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Appendix E 

(9) DESIGN OF EXPANSION JOINTS INVOLVING MASONRY 

STRUCTURES 

C. A. WMpple, Chairman, Sub-Committee; G. E. Boyd, Theo. Doll, L. V. Haegert, 
A. D. Harvey, J. A. Lahmer, C. P, Richardson, C. A. Ruhl, C. P. Schantz, A. W. 

Smith, L. W. Walter. 

Your Committee has collected from a number of carriers plans covering various 
types of expansion joints involving masonry structures to meet various conditions, and 
submits sketches (Fig. 1 to 21) covering these types. 

It is recommended that these be received as information and the subject re-assigned 
for further study. 



FIG. 5 PIG 4 

Fig. 1 to 5 — Expansion Devices of the Sliding Plate Type with Deck not Waterproofed. 




Masonry 


^op of c»9tinQa to conform to top of road - - — 

^ SrcEL. C/% 9 T^rt<^ j 

y-rniM 


^0-7 -x. e A I I \v ' ” ^ a 74 '. ' ' , ** -d 

V •^S:4 

Iv .,y.- .<». ^ A ^ ^ ^ -N ' ^ y'M 




^rSKL. CrtaT/ne)^ 






« FIG. 6, FIG. 7 Ul. a^_L 

SEC. B'B 

Fig. 6 and ^—Expansion Devices of Interlaced Castings— Deck not Waterproofed. 


^tVATe/of^oanri^ Mef/tBKtOME - 
1 '-fA^-nc / 


Pijm: 



r/irKrtoie Boar-^y 

ii-.f-'j -rik' V’:.g-. 


^^y//rrefepn&^riM<? Membppmcj^ ^c^Sheet Metp^ 

, *isp ridi.r f^ArtKp pHEC T ^MtrPL- ^ PLprtns-f ^-- - ^, ‘ ^ 

aryd^ -S heet METPi. BMtfO f^ncnoK Boi.rJ ^Ppport Platte 

II o •• V. Cl* 7;^^ PapEK i 

SETPErff <i’.PlEK 

fle-^i/'.g\K W/hcrtc opening rop fold in mfmcrpnc. is too 

^ FIG 9 EPiPr ro appN with Strip or rsphrlt plpnh, pn 

PoUTMEirr RPRON PLfrrz is usso over the folo.^ 

Fig. 8 and 9— Expansion Devices for Waterproofed Railway Bridge Decks on Steel Spans. 


^P/eie 

ULEO e 


ContiriLious <!}roo \f9s~z 


.JL4 !'^ 


y:£!L-L£L';ili'£ £1,-^1 


RTJFlp; 




Cut fhn^t* of heomi 



■STfSurtr^ETFE Sr/«//¥<^e« 

^ [ I L 

Fig. 10— Expansion Device of Heavy Wide-Flanged Beams, Flame-Cut and Interlaced Deck not 

Waterproofed. 







Fig. 13 — ^Expansion Joint Device Deck Waterproofed — 
Sliding Plate. 
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Fig. 14—Expansion Joint Device- 
Encased I-Beam Floor. 



Fig. 15— Expansion Joint Device- 
Slab Type Thick Floor. 
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Lem Adams, 
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W. C. Barnes, 
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W. A. Duff, 

R. Faries, 

J. M. Farrin, 


F. M. Graham, 
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A. F. Blaess, Vice-Chairman; 

G. J. Ray, 

A. N. Reece, 

R. T. SCHOLES, 

H. R. Thomas, 

C. P. Van Gundy, 

J. R. Watt, 

C. E. Weaver, 

J. E. Willoughby, 

W. P. WiLTSEE, 

J. G. WiSHART, 

L. Yager, 

J. B. Young, 

Committee. 


To the American Railway Engineering Association: 

Your Committee respectfully presents herewith its report covering the foHowing 
assignments: 

(I) Revision of Manual (Appendix A). 

. (2) Details of Mill Practice and Manufacture as they affect Rail Quality and 
Rail Failures, giving. special attention to Transverse Fissure Failures, collaborating with 
the Rail Manufacturers’ Technical Committee (Appendix B). 

(3) Compilation of Statistics of all Rail Failures, making special study of Trans- 
verse Fissure Failures (Appendices C-1, C-2, C-3). 

(4) Cause and Prevention of Rail Battering, collaborating with Committee 
V-— Ttack (Appendix D). 

(5) Economic Value of Different Sizes of Rail (Appendix E). 

(6) Revision or Elimination of Specifications for Spring Washers, collaborating 
with Committee V — ^Track (Appendix F). 

(7) ' Compilation of Information of Alloy and of Heat-Treated Carbon Steel Rails, 
addressing the various Railways for Records of such Tests as they may have (Appen- 
dix G). 

(8) Preparation of Specifications for Intermediate Manganese Steel Rail (Ap- 
pendix G). 

(9) Relative merits of Rail Sections heavier than 100 lb. per yard from the 
Standpoint of Economical Distribution of Metal and Strength (Appendix F). 

(10) Application of Upset Joint Bars on all Rail badly worn on fishing sur- 
faces (Appendix D). 

(II) Rail Lengths in Excess of Thirty-Nine Feet (Appendix F-3). 


Action Recommended 

1. That revisions of the “Standard Specifications for Open-Hearth Carbon Steel 
Rails — 1925” recommended in Appendix A be approved for publication in the Manual 
as recommended practice. 

2. That the “Specifications for Spring Washers — 1933,” recommended in Appendix 
F-l,.be approved for publication in the Manual as recommended practice. 

3. That the 131 lb. rail section recommended in Appendix F-2, be approved for 
publication in the manual as recommended practice. 
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4. That the present 120, 130, 140 and 150 lb. R.E. standard rail sections be with- 
drawn from the Manual as recommended in Appendix F-2. 

5. That the drilling of rails appearing on page 162 of the Manual be revised as 
recommended in Appendix F-2, and published in the Manual as recommended practice. 

6. That reports on subjects 2, 3, 4, 5, 7, 8, 10 and 11 be received as information. 

Respectfully submitted, 

The Committee on Rail, 

Earl Stimson, Chairman. 


Appendix A 

(1) REVISION OF MANUAL 

A. F. Blaess, Chairman, Sub-Committee; W. C. Barnes, N. J. Boughton, C. B. Bronson, 

E. E- Chapman, W. A. Duff, L. C. Fritch, F. M. Graham, C. R. Harding, A. W. 

Newton, G. J. Ray, C. P, VanGundy, W. P. Wiltsee, J. B. Young. 

REDUCTION OF THE CARBON CONTENT AND ADJUSTMENT OF MAN- 
GANESE CONTENT IN THE RAIL SPECIFICATIONS 

The upper limits of carbon in the present specifications for 100 to 140-lb. rail 
were fixed on the basis of experience with lighter weight rail. Records of the heavier 
rail in service have indicated that they may be too high and several months ago the 
Manufacturers Technical Committee suggested that consideration be given to lower- 
ing the upper limits of carbon and adjusting the manganese contents. Such considera- 
tion has been given by your Committee and recommendation is made for reducing the 
upper linoits of carbon, restricting its range to 13 points, and increasing the manganese 
as shown in Table H of this report. 

CHANGE IN SILICON CONTENT 

The present specifications stipulate a minimum of 0.15 silicon without restriction as 
to maximum. A tendency has been noted on some roads towards an increase in the 
number of failures of rail high in this element. To overcome this it is proposed to 
specify a range in silicon from a minimum of 0.10 to a maximum of 0.23. 

For the purpose of comparison the present chemical requirements as given on page 
148 in the Manual are shown in Table I below. Proposed chemical requirements rec- 
ommended by the Committee are shown in Table II. 


Table I— Present Chemical Requirements 


Constituents 


Weight in ! 

lb. per yard 

70—84 

85—100 

101—120 

121—140 

Carbon __ __ _ 

0.63 — 0.70 

0 62 — 0 77 


0.72—0.89 

0.60—0,90 

0.04 

0.16 

Manganese 

Phosphorus, not to exceed 

0.60—0.90 

0.04 

0.15 

0.60— o ! 90 
0.04 

0.15 

Silicon, minimum 
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Table II — ^Proposed Chemical Requirements 


Constituents 

Weight in lb. per yard. 

70—84 

85 — 100 

101—120 

121—140 

Carbon 

0.53—0.70 

0.64—0.77 

0.67 — 0.80 

0.69 — 0.82 

Manganese 

0.60—0.90 

0.60 — 0.90 

0.70 — 1.00 

0.70—1.00 

Phosphorus, not to exceed 

0.04 

0.04 

0.04 

0.04 

Silicon 

0.10—0.23 

0.10—0.23 

0.10—0.23 

0.10—0.23 



CLASSIFICATION MARKINGS 

Acting upon the report of several members that the requirement in paragraph 17, 
sub-paragraph (e) of rail specifications, that “all rails of a heat whose carbon content 
exceeds the mean carbon, percentage of the specified range shall have both ends painted 
blue”, has resulted in giving a wider carbon range than desirable for rails for use under 
conditions contemplated by the specifications. 

It is the recommendation of the Committee that sub-paragraph (e) be changed 
to read: 

“All rails of a heat whose carbon content is in the upper five points 
of the carbon percentage of the specified range shall have both ends 
painted blue.” 


BRANDING AND STAMPING 

In 1931 and 1932 the Association adopted recommendations for branding and 
stamping rails. It is the thought of the Committee that these recommendations should 
be incorporated in the rail specifications as indicated under “Proposed Paragraph 16”. 

Present Paragraph 16 

Branding 

16. Brands made so plain and sharp that they may be read as long as the rai^ 
are in service shall be roUed on or hot stamped into the side of the web of each rail in 
accordance with the following requirements and to indicate: 

(a) Name of the manufacturer, the month and year of manufacture, and the 
weight and type of section of rail as rolled. 

(b) The heat number and the ingot number as rolled shall be stamped in the 
web of each rail where it will not be covered by the joint bars. 

(c) The top rails shall normally be lettered “A”, and succeeding ones “B”, “C”, 
“D”, “E”, etc., consecutively, but in case top discard is greater than normal, the rail 
lettering shaU conform to the amoimt of discard, the top rail becoming “B”, or other 
succeeding letter to suit the condition. 

(d) All rails shall be branded “0-H” in addition to other marks. 


Proposed Paragraph 16 

Branding 

16. Brands made so plain and sharp that they may be read as long as the ra^ 
are in service shall be rolled on or hot stamped into the side of the web of each rail in 
accordance with the following requirements: 

(a)' The data and order of arrangement of the Branding shall be as diown in the 
following Typical Brand, the design of letters and numerals to be optional with manu- 
facturer. 
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11025 

R.E. 

O.H. 

INLAND 

1930 

lllllll 

Weight 6<-\ 
Sec. No. I 

(Ti]pe) 

[Kindotl 

1 Steel } 

/MonutactaTerl 

1 & Mill / 

[Year! 

\Rolledj 

/ Monttil 
\ Rolled] 

(b) The heat number and the ingot number as rolled 
web of each rail where it will not be covered by the joint bars. 

shall be stamped in the 
The data used in stamp- 


ing and arrangement thereof shall be as shown in the following Typical Stamping: 

EXAMPLE 1 

6334 5 ABODE FQ H I? 

(Heat Number) ' (RQH letter) (Inpot NoJ 

EXAMPLE? 

4 7 0 2 1 A B C D E f Q H 5 

(c) The top rails shall normally be lettered “A”, and succeeding ones “B”, “C”, 
“D”, “E”, etc., consecutively, but in case top discard is greater than normal, the rail 
lettering shall conform to the amount of discard, the top rail becoming “B”, or other 
succeeding letter to suit the condition. Design and size of letters and numerals to be 
used in stamping shall be as here shown: 


ABCDEFGHIJKLMNa' 
1234567870 


MM 


REVISION OF FORM 402-A 

While it was stated in last year’s report that definite recommendations would be 
made this year for revision of Form 402-A, Report of Rail Failures in Main Track, 
such revision is not especially urgent and the Committee believes it may well await the 
outcome of the joint investigation which will possibly suggest the need for additional 
information concerning failures in track. 

Recommendations 

1. That carbon and manganese contents for 85 to 140 lb. rail and silicon con- 
tent for all weights of rail as stipulated in paragraph 2 of Standard Specifications for 
Open-Hearth Carbon Steel Rails, page 148 of the Manual, be revised as shown*' in 
Table II presented above. 

2. That sub-paragraph (e) of paragraph 17, of the Standard Specifications for 
Open-Hearth Steel Rails, page ISl of the Manual, be changed to read as given under 
“Classification Markings” above. 

3. That paragraph 16 of the Standard Specifications for Open-Hearth Carbon 
Steel Rails as printed on page 151 of the 1929 Manual and repeated herewith, under 
the heading--^“Present Paragraph 16”, he revised to include the “Typical Branding”, 
“Typical Stamping” and “Recommended Design of Letters and Numerals to be Used in 
Stamping”, as adopted by the Association in 1931 and 1932 and appearing on pages 353 
and ‘354 of the 1931 Proceedings, and be revised tO read as given herewith under the 
heading “Proposed Paragraph 16”. 



Rail 


609 


Appendix B 

(2) DETAILS OF MILL PRACTICE AND MANUFACTURE AS THEY 
AFFECT RAIL QUALITY AND RAIL FAILURES, GIVING SPE- 
CIAL ATTENTION TO TRANSVERSE FISSURE FAILURES, 
COLLABORATING WITH THE RAIL MANUFACTURERS’ 
TECHNICAL COMMITTEE 

Earl Stimson, Chairman, Sub-Committee; A. F. Blaess, W. C. Barnes, C. B, Bronson, 

E. E. Chapman, R. Faries, E. A. Hadley, J. V. Neubert, G. J. Ray, W. P. Wiltsee, 

L. Yager. 

The general outline or program for the Joint Investigation being carried on at 
the University of Illinois by the Rail Committee and the Rail Manufacturers’ Tech- 
nical Committee, to determine the cause and remedy for transverse fissure and other 
rail failures, was published in the Committee’s report to the March, 1932, Conven- 
tion (A.R.E.A. Proceedings 1932, Vol. 33, pages SS7-8). 

The present status of this investigation is briefly given below: 

5,000 tons of 130 lb. rail and 3,750 tons of 110 lb. rail have been rolled at five 
representative mills and service tests are in progress. 

The work in the laboratory is being carried out in accordance with the general 
outline and is well under way. Deep etch tests have been made of all rails from the 
top, middle and bottom of the middle ingot of each heat and a large number of ten- 
sile, fatigue and chemical tests have been made. The high power microscopic woric is 
well advanced and a number of Charpy impact tests of unnotched specimens cut from 
the rail heads have been completed. 

Three roller test machines have been designed and constructed and are in constant 
use. These machines were constructed for the purpose of testing out the susceptibility 
of certain steels to the formation of transverse fissures. 

For the- purpose of correlating test results with studies of service stresses in mils, 
a series of fatigue tests have been started to determine the effect of range of stress on 
the fatigue strength of rail steel Tests of rails subjected to wheel load accompanied by 
very slight bending moment and of rails subjected to bending moment without wheel 
load, have been started, the object being to separate the influence of wheel loads and 
of bending moment in producing fissures and to give a baas for the designing of a 
machine to test full size pieces of rails. 

Analyses of the non-metallic and gas inclusions in rail steel have been started. 

Various non-destructive methods of testing are being investigated in the endeavor 
to find one that is capable of differentiating between steel that fe sound and that which 
contains minute interior defects. 

It is too early in this important investigation for any concluaons or tentative con- 
clusions to be drawn. 
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Appendix C-1 

(3) RAIL FAILURE STATISTICS FOR 1931 

By W. C. Barnes, Engineer of Tests, Rail Committee 

The Rail Failure statistics for the year ending December 31, 1931 appearing in this 
report have been compiled in accordance with the standard method of basing the failure 
rates on mile years of service in track. 

It should be noted that this is the first report in which the report year coincides 
with the calendar year, the report year having ended on October 31st in previous re- 
ports. All reports including that for this year cover twelve month periods, the transi- 
tion having been made by omitting all data for the two months of November and 
December 1930. 

The reported tonnages and track miles of rollings for 1926 and succeeding years 
embodied in these statistics are as follows: 


Year Rolled Tons Track Miles 

1926 1,858,499 11,203 

1927 1,765,808 10,417 

1928 1,667,336 9,686 

1929 1,708,799 9,721 

1930 1,058,342 6,030 


Totals 8,058,784 47,057 


Table 1 shows the average failures per 100 track miles of rail in service which 
occurred in one to five years service of all rail reported, from all mills, together with 
results taken from previous reports which include both Bessemer and Open-Hearth 
rail. The 1926 rollings, whose period of observation is now concluded show an aver- 
age of 131.3 failures per 100 track miles during the five year period, an increase of 20.6 
faflures over those previously reported for the 1925 rollings. This is the highest rate 
of failure produced in any rollings since those of 1911 with exception of those for 
1917. It appears from the failure rates shown in Table 1 for less than five years 
service of the 1927 and 1928 rollings that a return to a normal or subnormal rate will 
be reached when the 1928 rollings have completed their five years of service. 

Fig. 1 shows diagrammatically the five year averages from Table 1. 

Table 2 presents a summary from 19 annual reports showing track miles of rail 
originally laid and total failures in addition to the failures per 100 average track 
miles of rail in service for periods of one to five years. 

Table 3 gives the failure rates of rail from each of the mills for rollings since 
1908, for one to five-year periods. 

Fig. 2 shows diagrammatically the data from Table 3. It will be seen from 
Fig. 2 and Table 3 that the high average 5 year rate for 1926 rollings from all mills is 
largely due to the high failure rates in the Ensley and Steelton rollings for 1926. 

Table 4 presents a recapitulation of the performances during the five year period of 
rail rolled at each of the mills. In this table the original track miles laid from the 
various rollings are given as information, the failure rates being computed from the 
average track miles in service during the period. 

Fig. 3 presents diagrammatically the average “per year” failure rates per 100 aver- 
age track miles in service of the 1926 to 1930 rollings from the various mills from 
Table 4. These rates do not take into consideration the traffic carried. Inland shows 
the lowest failure rate of 6.80 followed closely by Minnequa with a rate of 7.71 and 
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Algoma with a rate of 9.67. At the lower end of the scale Maryland ^ows a 31.68 
rate, Steelton a 31.85 rate and Ensley a 46.33 rate. The rates for the other rnilTs; are 
intermediate between those for the two groups just mentioned. 

Fig. 4 rates the perfor m a n ces of the mills from the same data that underlie Fig. 3 
except that relative traffic density factors have been introduced into the final computa- 
tions. From the annual freight gross ton miles per mile of main track of each reporting 
road applied to its track mile years of rail of each of the 1926 to 1930 rollings from 
any given mill, the weighted average traffic over all of that mill’s rail which was re- 
ported on, was determined. In like manner the weighted average traffic over all rail 
from each of the other mills was separately determined. The mill whose rail was 
subjected to the lightest traffic was then considered to have unit traffic density and rela- 
tive traffic density factors were determined for each of the other mills, which were 
applied to the failure rates of the respective mill outputs given in Fig. 3. No claim is 
made that this method of rating is entirely accurate but it does give more considera- 
tion to the work which the rails from the various mills were called upon to perform 
than does the method of rating underlying Fig. 3 which takes no account of traffic. 

The use of traffic density factors has resulted as follows: Inland remains in first 
position with the lowest rate of failure and Miimequa remains in second position. 
Edgar Thomson and Gary have moved up into third and fourth positions respectively. 
Tennessee remains in the lowest position and the differences between the rates for the 
other mills have been reduced. 

Fig. 5 presents diagrammatically the “total” failure mte by mills and by year 
roUed from Table 4. The improvement in the 1928, 1929 and 1930 Ensley rollings is 
noteworthy. 

Table 5 shows the average weights of rail from the various mills and from aH 
mills. While the all- mill averages for the years 1926 to 1930 increased from 106.6 lb. 
to 111.6 lb. per yard, there was no increase in average weight from 1929 to 1930. 
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Table 1 


AVERAGE FAILURES PER 100 TRACK MILES— ALL MILLS 














Table 2 

SUMMARY FROM NINETEEN ANNUAL REPORTS SHOWING TRACK MILES ORIGINALLY LAID, TOTAL FAILURES 
AND FAILURES PER 100 AVERAGE TRACK MILES IN SERVICE 
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FAILURES PER 100 TRACK MILES IN 1908 TO 1930 ROLLINGS IN ONE TO FIVE YEAR SERVICE PERIODS BY MILLS 
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Table 3 — Continued 

FAILURES PER 100 TRACK MILES IN 1908 TO 1930 ROLLINGS IN ONE TO FIVE YEAR SERVICE 

PERIOPS BY MILLS 
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Table 4 


RECAPITULATION— TOTALS AND AVERAGES GROUPED BY MILLS. TRACK 
MILES— REPRESENT QUANTITIES ORIGINALLY LAID. FAILURES 
TO DATE— COMPUTED BY MILE YEARS OF RAIL IN SERVICE 
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DIAGRAM SHOWING MILL RATINGS--COMPILED BY USUAL METHOD. 



Fig. 3 — ^Average Failure Rates for tlie RoBings of 1926 to 1930 inclusive, clarified 

by Mills. 


DIAGRAM SHOWING MILL RATINGS— AS ALTERED BY USE OF TRAFFIC 

DENSITY FACTORS. 



Fig. 4 — ^This diagram is presented as information only. It shows average failure rates 
for the rollings of 1926 to 1930 inclusive, classified by miUs, changed from 
those presented in Fig. 3. 
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DIAGRAM SHOWING FAILURES PER 100 AVERAGE TRACK MILES BY MILL 
AND BY YEAR ROLLED FOR PERIODS ENDING DECEMBER 31, 1931. 
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Table 5 

AVERAGE WEIGHTS OF RAILS COMPILED FROM TONNAGES USED 
IN THIS REPORT 
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Appendix C-2 

(3) TRANSVERSE FISSURE STATISTICS 
By W. C. Barnes, Engineer t)f Tests, Rail Committee 

These statistics constitute a cumulative record of 58,227 transverse fissure failures 
which have been reported up to and including December 31st, 1931. They include all 
fissured rails reported whether located by actual breakage in track or detected before 
breakage by inspection or test. 

Table I corresponds with Table I of last year’s report and shows the number of 
transverse fissure failures reported by each of 54 roads and the years in which such 
failures occurred. In previous reports the detected failures were shown separately for 
the current year only and were included with the service failures for prior years, thus 
making reference to earlier reports necessary to determine the service and detected 
failures separately for those prior years. In this report Table 1 has been improved to 
show a continuing record of the service failures only and likewise of the detected fail- 
ures. The total failures for any year on any road can be obtained by adding the service 
failures and the detected failures for that year on that road. 

Prior to 1930, the report year started on February 1st but in 1930 it was changed 
to coincide with the calendar year. To effect this change, the data given for the transi- 
tion year 1930 covered eleven months only, viz., from February 1st to December 31st. 
The data for 1931 covers twelve months from January 1st. 

The accumulated grand total of fissure failures, service and detected, reported to 
December 31st, 1931 from all rollings was 58,227 or an addition during the year 1931 
of 7481. This is an increase of 770 over the total of 6711 reported for the eleven 
months of 1930, but is only 159 more than said total prorated for twelve months of 
1930, namely 7322. This increase is more than accounted for by the detection during 
1931 of 2686 fissured rails which is 1232 more than the 1454 detected during the eleven 
months of 1930. 

The total service failures for the twelve months of 1931 were 4795 compared with 
a like total for the eleven months of 1930 of 5257, a decrease in actual breakage in 
track of 462. The increase shown in the number of detected fissures is not an indica- 
tion of greater prevalence of fissures but of increased efficiency and use of methods of 
locating them in track before actual breakage. Many fissured rails were detected dur- 
ing the year on roads which do not report fissure failures and hence are not included 
in Table I. 

Fig. 1 presents graphically the total fissure failures reported each year. The dotted 
curve includes “detected” fissure failures while the solid curve excludes them. For ten 
years prior to 1929 the number of fissured rails which broke in track annually, in- 
creased at an average rate of 426 per year. Whereas since 1929, the first year in which 
detection methods were used to any appreciable extent the annual total of actual 
breaks (i. e., exclusive of detected failures) has decreased at an average rate of 482 
per year. 

Table 2 corresponds with Table 2 of last year’s report. It shows all transverse 
fissure failures accumulated from year rolled to December 31, 1931, for each year’s 
rollings from each mill, unweighted by tonnage output of mills, by density of traffic or 
by years of service. 

This table is most useful in comparing the failures in the various year’s rollings 
from any one miU. Of the earlier rollings, those of 1910, 1912, 1913 and 1917 from all 
mills continue to show the largest number of accumulated failures while of the more 
recent rollings, those of 1926 have produced the greatest number principally due to 
failures in Tennessee rail. The reduced number of failures in Tennessee rail rolled since 
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Fissure failures reported since 1924 as occurring in the first year of service are as 
follows; 


29 failures in 1925 from 


50 “ “ 1926 

114 “ “ 1927 

58 “ “ 1928 

106 “ “ 1929 

33 “ “ 1930 

32 “ “ 1931 


1925 Rollings, All Mills 

1926 “ “ “ 

1927 “ “ 

1928 ‘‘ “ “ 

1929 “ 

1930 “ “ “ 

1931 “ “ “ 


Of the 32 failures in the 1931 rollings, 19 occurred in Steelton rail, 12 in Sparrows 
Point and 1 in Gary rail. 

Table 3 corresponds with Table 3 of last year’s report and shows the rate of ac- 
cumulated failures on selected roads per 100 original track miles per year from year 
rolled to December 31, 1931. The data included are for the rollings of 1924 to 1928 
inclusive and are segregated by mill and by year rolled. No account is taken in this 
table of differences in density of traffic over the rails from the various miUs. Table 3 
includes a total of 9367 fissure failures which occurred in 35,593 miles of track. 

The 1930 and 1931 failures included in Table 3, Fig. 2 and Fig. 3 are those which 
occurred during the 12 months of the new report year which corresponds to the cal- 
endar year, while those for former years are for the old report year which ended with 
January 31st. Both the 1929 and 1930 failures include those that occurred in January 
1930. This procedure was employed to preserve the “Per Year” basis of Table 3, Fig. 2 
and Fig. 3. 

Colorado, Inland and Gary mills show the lowest average accumulated failure rates 
per 100 track miles per year from date rolled to December 31, 1931, in the order 
named, the respective rates being 0.43, 2.05 and 2.71. Tennessee and Maryland show 
the highest rates of 11.17 and 20.54 respectively. Study of the Table 3 and of re- 
ports of later year’s rollings in Table 2 indicate that Tennessee’s average record will 
improve at least until the 1927 rollings disappear from the table. On the Contrary, 
the Maryland and Steelton average rates are definitely on the increase. 

Fig. 2 shows graphically the average rat« of failure by mills from Table 3. 

Fig. 3 shows graphically the average rates of failure by mills from Table 3 modi- 
fied by the application of average traffic density factors. The method of obtaining 
these factors has been explained in detail in preceding reports. 

The weighting for relative traffic density has improved the rates of those mills 
whose rails carried the heavier traffic and has resulted in putting Carnegie in third 
place instead of Gary. 


Fig. 1 — ^Total Fissure Failures Reported Each Year (1930 includes 11 months only). 



1919 1920 1921 1922 1923 1924 1923 192 ^ 19 27 192 8 1929 1930 1931 
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Table 2 

ACCUMULATED TRANSVERSE FISSURE FAILURES REPORTED TO DEC. 31, 1931 BY YEAR ROLLED AND BY MILL 

(Includes fissured rails detected before actual failure in track)- 
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Table 3 

AVERAGE TRANSVERSE FISSURE FAILURE RATES ON SELECTED ROADS 
PER 100 ORIGINAL TRACK MILES PER YEAR FROM YEAR ROLLED 
TO 12/31/31, BY MILL AND YEAR ROLLED 

(Includes fissured rails detected before actual failure in track) 
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Appendix C-3 

(3) OPERATING RESULTS OF THE A.R.A. RAIL FISSURE 
DETECTOR CAR 

By W. C. Bames, Engineer of Tests, Rail Committee 

In November, 1932, the A.R.A. Detector Car successfully completed its fourth year 
of operation under the direction of the Rail Committee. O^g to the constant de- 
mand on the part of the railroads for testing service the car has not been idle a single 
day for lack of business since the start of leasing service in November 1928, the only 
dead time being that required for occasional adjustment and repair and for periodic 
shopping. 

The fact that the car is now largely engaged in repeat business speaks well for the 
satisfactor}’ service which it is performing for lessee roads. Even in this period of de- 
pression, lease commitments are made well in advance of delivery of the car. 

In September 1932 an assistant operator was employed, whose services are fur- 
nished -with the car with no increase in the rental charge of ?8S.OO per day. 

When the car was placed in operation, it was expected that the rental income 
would retire its original cost of $23,306 in five years^ Due to efficient operation and 
an exceedingly small amount of dead time, the car succeeded in the four years ending 
November 1932 in writing off its entire first cost ($23,306) as well as the additional 
$15,000 contributed to the Sperry Company and building up a substantial surplus in 
addition to maintaining its market value equal to the original cost under the contract. 

The matter of improvement in the equipment of the car is receiving constant study 
and experimentation. Many improvements have been added in the past and will be 
added in the future. It is expected that the Association will provide a tow car for 
hauling the detector car as soon as railway business improves. 

On November 15, 1932, the car completed its fourth year in leasing service, having 
tested a total of 16,597 track miles of rail on United States and Canadian roads and 
having located a total of 1,551 transverse and compound fissure rails and a total of 
7,187 defective rails of all types. This corresponds to an average rate of one fissured 
rail per 10.6 track miles and one defective rail, all types, per 2.3 track miles during 
the entire four year period. The mileage tested the fourth year ending November 15, 
1932 (5,579.8), exceeded the average of the first three years (3,672.5)' by 51.9 per cent 
and at the same time the miles tested per fissured rail decreased from 11.1 to 9.9 and the 
miles tested per defective rail (all types) from 3.2 to 1.5. 

A word of caution is advisable regarding the use of average rates of detection in 
rating of car performance. The number of defective rails in track depends not upon 
the test car but upon the track tested, i. e. upon the source of the rails, their age, 
traffic, roadbed and maintenance, etc., and whether or not said track has been re- 
cently tested and defective rails removed. In periodic testing, if the time interval be- 
tween tests be properly selected, the average rate should be materially reduced. 

Attention is called to the transverse fissure statistics in Appendix C-2, Fig. 1, and 
explanation in the text regarding the effect upon future failures in track of present use 
of detector cars. 
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Appendix D 

(4) CAUSE AND PREVENTION OF RAIL BATTERING 

(10) APPLICATION OF UPSET JOINT BARS ON ALL RAIL BADLY 
WORN ON FISHING SURFACES 

F. M. Graham, Chairman, Sub-Committee; W. J. Backes, W. C. Barnes, W. A. Duff, 
B. Herman, E. E. Oviatt, W. H. Penfield, R. T. Scholes, J. R. Watt, C. E. Weaver, 
J. E. Willoughby. 

(4) CAUSE AND PREVENTION OF RAIL BATTERING 

Your Sub-Committee submits the following progress report. 

The study of this subject has been continued and tests of the heat treating of rail 
ends have been kept under observation to determine the relative amount of batter oc- 
curring on treated and untreated joints. The heat treating of rail ends is being tried 
on several railroads. Various methods of applying the heat treatment are being de- 
veloped and tried. 

The results so far indicate that the heat treating of rail ends when properly 
applied will materially retard rail end batter and the Committee believes that definite 
progress is being made. 

The study and development of this subject will be continued. 


(10) APPLICATION OF UPSET JOINT BARS ON ALL RAIL BADLY WORN 
ON FISHING SURFACES 

Your Sub-Committee reports progress on this subject. 


Appendix E 

(5) ECONOMIC VALUE OF DIFFERENT SIZES OF RAIL 

J. M. Farrin, Chairman, Sub-Committee; Lem Adams, J. B. Baker, W. C. Barnes, 
F. L. C. Bond, R. Faries, C. R. Harding, C, W. Johns, H. C. Mann, G. J. Ray, A. N. 
Reece, H. R. Thomas, W. P. Wiltsee. 

It was the intention of the Sub-Committee to make final report on this assignment 
this year but as the subject-matter could not be assembled sufficiently early to enable 
thorough study and reconciliation of controversial points to be made by the Committee 
as a whole, your Sub-Committee can only report progress with the recommendation 
that the assignment be continued. 
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Appendix F-1 

(6) SPECIFICATIONS FOR SPRING WASHERS, COLLABORATING 
WITH COMMITTEE V— -TRACK 

(9) RELATIVE MERITS OF RAIL SECTIONS HEAVIER THAN 100 
LB. PER YARD FROM STANDPOINT OF ECONOMICAL 
DISTRIBUTION OF METAL AND STRENGTH 

(11) RAIL LENGTHS IN EXCESS OF 39 FEET 

VVm. Michel, Chairman, Sub -Committee; Lem Adams, W. C. Barnes, C. B. Bronson, 
C. T. Dike, F. M. Graham, G. W. Harris, B. Herman, J. E. King, E. E. Oviatt, 
A. N. Reece, R. T. Scholes, J. E. Willoughby, J. G. Wishart. 

(6) SPECIFICATIONS FOR SPRING WASHERS 

Your Sub- Committee has prepared the following specifications which are rec- 
ommended for use by those who purchase spring washers. This recommendation of 
these specifications, however, does not imply any recommendation for or against the 
use of spring washers which is a matter outside of the Committee assignment. 

SPECIFICATIONS FOR SPRING WASHERS 
General Scope 

1. These specifications prescribe the physical properties intended for the mate- 
rial of the spring washers purchased and state in detail the method of testing for pro- 
viding their fulfilment. 

Material 

2. Material for spring washers shall be of steel, manufactured by the Electric 
Furnace, Open-Hearth or Crucible Process. 

Physical Requirements 

Method of Testing 

3. Test specimens shall be interposed between the platens of a compression 
machine of approved design, equipped with a deflection recorder calibrated to .001 of an 
inch and located so that readings are recorded from approximately the center of the 
platens, and riiall be subjected to the preliminary load of 20,000 pounds ^ree suc- 
cessive times. The washer each time being completely released ,to its free height. 

Mechanical Strength eind Ductility 

4. After application of the preliminary loads, the washer shall again be com- 
pressed to test load in Column 2 and the load shall be released by opening the platens 
through the prescribed distance, Column 3, for respective siz^ of spring washers for 
bolts in Column 1. A reactive spring pressure of not less than the limits of the 
loads in Column 4 shall then be required. 


Spring Washer for 

Bolt Diameter in 

Inches 

Appl^ 

Poimds 

Platens Released from 
Loads by Distances in 
Indies 

Reactive Spring Pressure 
in Pounds 

1 

2 

3 

4 


20,000 

.025 

2500 


20,000 

.028 

2500 


20,000 

.031 

2800 

XH" 

20,000 

.036 

3000 

IK" 

20,000 

.036 

3000 

XW' 

20,000 

.041 

3200 

xw 

20,000 

.041 

3200 


Note:— Distances prescribed in Column 3 are approximately equivalent to one-fourth turn of the nut. 
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5. Ductility shall be determined by twisting one end of a finished spring washer 
through 90 degrees without sign of fracture, while the other end is held securely in a 
vise, as follows: 

(a) Fasten one-fourth of the length of the coil from one end between the jaws 

of a vise. ^ , 

(b) Grip one-fourth of the length of the coil from the other end between the 
jaws of a wrench. 

(c) * Rotate the wrench, thus causing the end of the coil to describe a circle about 
the middle point of the coil as a center so that open ends of washer shall pass each 
other. 

6. Spring washers shall be heat treated by oil quenching and tempering. 
Proportion of Tests 

7. Tests shall be made of three specimens selected by the inspector at random from 
each lot of 15,000 finished spring washers for bolts less than 1" in diameter or from 
each lot of 10,000 finished spring washers for bolts 1" or more in diameter. The three 
test specimens from each lot or fraction thereof shall be tested for reactive pressure 
and ductility, and if all specimens meet the specification requirements the lot will be 
accepted. 

If one of the three test specimens should fail, two more specimens shall be 
selected from the same lot and if both meet the specification requirements the lot will 
be accepted. If one or both fail the lot will be rejected. 

If two of the first three specimens selected from a lot should fail, all the washers 
from that lot shall be rejected. 

Reheat Treatment 

8. If the results of the physical tests do not conform to the requirements specified, 
the manufacturer may reheat-treat each lot, but not more than three additional times, 
unless authorized by the purchaser, and retests shall be made as specified in Section 7. 

No lot which has failed to pass the tests shall be offered for further test until after 
the spring washers in that lot have been retreated. 

Accuracy of Manufacture 

Uniformity of Stock 

9. Uniformity in size of steel stock used in making spring washers and the dimen- 
sions around which the spiral is coiled are desirable. Ir^, cross-section the faces of the 
finished spring washer which bear against the joint bar and the nut must be parallel. 

Permanent Set 

10. Previous to offering any lot of spring washers for inspection, each individual 
piece shall have been subjected as a part of the routine manufacturing process to shock 
or pressure sufficient to cause permanent set and any individual pieces defective through 
seams, quenching cracks, etc., shall be discarded. 

Finish 

11. ^ All finished pieces must be clean, smooth, without burrs or rough edges, of uni- 
form s^e, with well-shaped symmetrical coil and cross-section, free from injurious 
mechanical defects, and be finished in a first-class, workmanlike manner. 

Identification 

Packing 

12. The finished spring washers shall be packed in securely hooped kegs or well 
fastened boxes. Containers shall be left open until the inspection is completed. 

Branding 

13. Identification will be by the manufacturer’s marks. 

(a) Spring washers shall be individually marked for identification. 

(b) Containers shall be marked as follows: 

1. Name of Manufacturer. 

2. Size of Spring Washer (Bolt size over thread, width and thickness). 

3. Number of Spring Washers. 
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Acceptance Requirements 
Defect Found After Delivery 

14. Spring washers to the extent of five i>er cent, or more of the order which show 
injurious defects subsequent to their acceptance at the place of manufacture or sale 
will be rejected and returned to the manufacturer who must pay the freight charges 
both ways, and replace the defective spring washers with new ones, fulfilling the re- 
quirements of the specifications. 

Place of Tests 

15. All tests and inspection shall be so conducted as not to interfere unneces- 
sarily with the operation of the mill, and .shall be made at the place of the manufac- 
turer prior to shipment. 

Access to Works 

16. Inspectors representing the purchaser shall have free entry to the works of 
the manufacturers at all times w^hile the contract is being executed, and shall have all 
reasonable facilities afforded them by the manufacturer to satisfy them that the 
spring washers are furnished in accordance with the terms of these specifications. 

Recommendation 

(1) That the Specifications for Spring Washers be adopted as recommended prac- 
tice and published in the Manual. 
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Appendix F-2 

(9) RELATIVE MERITS OF RAIL SECTIONS HEAVIER THAN 100 LB. PER 

YARD FROM THE STANDPOINT OF ECONOMICAL DISTRIBUTION OF 

METAL AND STRENGTH 

In its 1915 report, your Committee presented sections for rails weighing 100, 110, 
120, 130 and 140 lb. per yard, with the comment that, “in arriving at the sections sub- 
mitted, there had been some compromises, .... in our efforts to reach a recommenda- 
tion for a single type of standard”. 

The 100, 110 and 120 lb. .sections were adopted as standard by the Association at 
the Convention of that year. Five years later, in 1920, the 130 and 140 lb. sections, 
presented in 1915, were adopted. In 1924 the ISO lb. section was adopted, far in ad- 
vance of any demand for rail of so heavy a section. 

A number of railroads have used the 100, 110 and 130 lb. sections and a con- 
siderable tonnage is in track. No rail has ever been rolled to the 120, 140 and ISO lb. 
sections. 

At the time these sections were first submitted in 1915, there was controversy be- 
tween those who advocated a rail with a deep head and those who favored a rail with 
a shallow head. The use of the deep headed rail, permitted a greater head wear, but 
sacrificed height and consequently vertical strength and stiffness of the rail, as well as 
of the joint bar. The P.S. sections of the Pennsylvania Railroad were representative of 
this type. The advantages, to be gained by the use of the shallow headed rail, are 
offset only by less area of head offered for wear. The Dudley sections of the New 
York Central were representative of this type. 

In order to obtain an agreement on a rail section, it was, at that time, necessary 
to adopt a compromise between these two types. Like most compromises, this one 
failed as it did not produce the best that could be obtained from a given amount of 
metal. As might have been expected, neither the Pennsylvania Railroad nor the New 
York Central, which roads use the largest tonnages of rail of any of the railroads, have 
used these sections and to that extent they failed to become standard. 

The considerable tonnage of rail rolled to the 110 and 130 lb. R.E. sections has been 
in use a sufficient length of time to demonstrate that the sections are not altogether 
satisfactory. A study of the details of the dimensions and proportions of the sections 
indicate that a more economical distribution of the metal, with resulting increase in 
strength, may be obtained. To this end, your Committee undertook the study of this 
subject concentrating attention on the 110 and 130 lb. sections. The Sub-Committee 
having this in charge submitted several tentative sections for these two weights of 
rail. 

Your Committee defers action on the 110 lb. section and reports as follows on the 
130 lb. section: 

In designing a rail section the following principles are applied: 

(1) The sections should be so designed as to give the maximum vertical and 
horizontal stiffness and strength for the weight of metal. 

(2) The proportion of base to height should be sufficient to insure stability 
against overturning. 

(3) The distribution of metal between the head, web and base should be such as 
will minimize the setting up of internal strains while cooling. 
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The 130 lb. tentative sections submitted by the Sub-Committee embodied these 
principles. However, when they were compared with the Dudley 130 lb. section and 
the Pennsylvania 131 lb. section the differences were so slight as to be measured by 
small fractions of an inch. 

The Pennsylvania 131 lb. section is the result of a very exhaustive study, a descrip- 
tion of which is given in Exhibit 1, and service in heavy tonnage tracks of a year 
and a half has demonstrated the superiority of its design. 

As there was so little difference between this Pennsylvania 131 lb. section, the 
Dudley 130 lb. section of which no rail has been rolled, and the section proposed by 
the Sub-Committee, the Committee saw the opportunity of reaching an agreement on a 
rail section that represented the best that could be obtained from the weight of metal, 
a section that already was in use by one of the largest users of rail and one which could 
reasonably be expected to become a universally adopted standard. This would meet 
the present day demand for standardization and the attendant economies resulting 
from the elimination of a large number of slightly varying designs. 

Recommendations 

(1) Your Committee therefore unanimously agrees upon the Pennsylvania 131 ib. 
section shown on Fig. 1 and recommends its adoption and publication in the Manual as 
the standard 131 lb. R.E. rail section in place of the present 130 lb. R.E. section shown 
on page 145 of the 1929 Manual, which section it is recommended be withdrawn from 
the Manual. 

(2) As the 120, 140 and 150 lb. R.E. rail sections have never been used and as 
the tendency is to increase the weight of rail used by increments of 20 pounds instead 
of 10 pounds it is recommended that these sections shown on pages 144, 146 and 147 
of the 1929 Manual be withdrawn. 

(3) In connection with the above recommendations it is recommended that the 
Table headed “Application of recommended rail drilling to standard rail sections,” page 
162 of the 1929 Manual, be revised to eliminate the drilling for the 120, 130 and 140 lb. 
R.E. sections. 

(4) It is further recommended that the “Height of bolt hole above base of rail” 
of 3 ^ 4 " for the 131 lb. R.E. rail section be added to the table referred to in Rec- 
ommendation 3. 



3.2 
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Exhibit 1 

THE DESIGN OF A RAIL SECTION 

At a meeting of the Rail Committee a number of tentative sections were sub- 
mitted by the Sub-Committee. During the discussion that followed the question was 
raised as to the various factors entering into the problem of designing a rail section. 
In this connection Robert Faries, As^tant Chief Engineer Maintenance, Pennsylvania 
Railroad, was asked if he would favor the Committee with the reasons why his road 
adopted its new sections. Mr. Faries very graciously did this in a letter, copies of 
which were sent to the members of the Committee. For information of the mem- 
bers this letter is given herewith. 

November 19, 1932. 

Mr. Earl Stimson, Chairman, 

Rail Committee — ^A.R.EA. 

Baltimore, Md. 

Dear Sir: 

In connection with the discussion of Subject No. 9, Rail Sections, at the Rail 
Committee meeting, October 20, 1932, Chicago, it was suggested that the Committee 
should have the benefit of the reasons which 1^ The Pennsylvania Railroad to adopt 
its new sections. 

Recognition of the fact that the 130 lb. P.S. rail was not entirely satisfactory for 
present and possible future axle loads, service and speeds, was the primary reason that 
lead to the design and adoption of the new rail sections. It was desired to provide a rail 
with more vertical stifness and strength, better wearing shape of head and a height of 
fishing space which would allow of the use of better joints. Comf^rative results ob- 
tained from an extensive test of the 127 lb. Dudley section rail in our tracks indicated 
that a change in our rail section would be advantageous. 

The design of these new sections was governed by certain general principles and 
facts developed by research, and by experience, which we have set forth in the fol- 
lowing: 

General Principles 

Sections should approach uniform rate of cooling to avoid setting up strains in 
head, web and base. 

Large masses of metal should be avoided in order to prevent internal strains in 
any of the parts due to difference of temperature within the mass while cooling. 

The section should provide maximum stiffness for weight, both vertically and 
laterally. 

Proportion of base to height should be sufficient to hold rail stable under the 
forces set up by a locomotive starting to overturn. 

A summary of investigations relative to the stability against overturning of 130 Ib. 
and 152 lb. P.S. rails, collected from six different sources working independently, is as 
follows : 

1. “The relative stability, of two rails, against overturning about the outside 

rail base 

edge of the base is not determined by the ratio ^ height rather by the ratio — 
moment arm of vertical load 
moment arm of lateral load. 

“A consideration of the above comparison seems to justify the concl^on that the 
152 lb. rail should possess practically the same amount of stability against overturn- 
ing as does the 130 lb., but its influence on locomotive lateral oscillations on tangent is 
unknown. 

2. “The 152 lb. rail is not less stable than the 130 lb. rail. 

3. “The 152 lb. rail on 152 lb. standard inclined tie plates is more stable than 130 

lb. rail on standard (not canted) tie plates, under all conditions. 

4. “There is ample factor of safety against overtummg of the rail and the 

stresses in the track fastenings are within safe limits and are no greater than under the 
heavy steam locomotives moving at present speeds on 130 lb. rail. 
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5. ‘‘The 152 lb. rail has ample overturning stability with the conditions of P 
electric locomotive at a speed of 100 miles per hour, curvature of 1° 30', superelevatii 
554" or 6", and for the K-4-s steam locomotive at a speed of 90 miles per hour. 

6. “Both rails are less stable for P-S (electric) than for K-4-s (steam) locom 
tives and that the IS'2 lb. rail canted, is more stable than the 130 lb. rail, not cante 
for both locomotives, and that the worn rails are less stable than the new rails.” 

In consideration of the above conclusions it should be borne in mind that tl 
dimensional ratios of 152 lb. and 131 lb. sections are identical. 

The Rail Head 

The depth of the head should be such that after its normal life in important trad 
it will have sufficient metal to insure sufficient strength for a normal life in secondar 

The width of the head should be maximum, and yet avoid guttering of rails b 
tires on low side of curves. It is important to provide lateral stiffness in the heac 
which is obtained by width. 

Vertical sides instead of sloping sides give extra lateral stiffness, which is ver 
necessary for future loads and speeds. 

A comparison of the lateral moment of inertia of the tentative 130 lb. R,E 
A~2, 131 lb. P.S. and 152 lb. P.S, sections with the 130 lb. P.S. section is as follows 


Lateral Moment of Inertia 

Tentative 

130 lb. 130 lb. P.S. 131 lb. P.S. 

R.E. Sec. A-2 Section Section 


15.2 13.2 16.1 


152 lb. P.S. 
Section 


20.7 


In connection with the joint investigation of the U. S. St. Corp. and P.R.R. en- 
gineers leading to the adoption of the 131 lb. and 152 lb. P.S. sections, C. G. E 
Larsson, Chief Consulting Engineer, American Bridge Company, calculated the unit 
pressure in pounds per square inch on head, with new tires on new rail, and the ver- 
tical shear in the head for the above mentioned P.S. sections and 170 lb. section sug- 
gested by him, for a hypothetical L-6 electric locomotive with 100,000 lb. axle loads at a 
^eed of 100 miles per hour. These calculations were checked independently by F. M. 
Graham, Assistant Engineer of Standards. The results are shown in the following 
table: 

Unit Pressure and Vertical Shear 


(Assumed 1 deg. Curve with 6" Superelevation) 


Radius of Head 

Unit Press, on Head 

Vertical Shear in Head 
Dist. of Cen. of Brg. 

to Cen. of Head 

Cant of Rail 


170 lb. 



131 lb. and 



Suggested by 

130 Ib. P.S. 

152 lb. P.S. 



Mr. Larsson 

12" 

24" 

36" 

40" 

Flat 

205,000 

158,000 

141,000 

134,000 

81,500 

39,500 

31,100 

27,800 

26,400 

16,500 

0.6" 

0.6" 

0.6" 

0.67" 

0. 

None 

1 in 40 

1 in 30 

1 in 30 

1 in 20 


It is apparent that the metal in the head is badly over-stressed, which results in 
immediate side and end overflow, particularly at the end where symmetrical resistance 
of the surrounding metal is lost on one side of the area of pressure. This pressure 
should be distributed over the rail head as much as possible. It becomes so distri- 
buted when the rail is worn and contour of worn rail is the contour of the average 
wheel. 

Over-run of metal in center of rail head results in large size chips breaking out due 
to slight movement vertically between rail ends. Over-run on the fillets at the edge of 
the rail is not so serious, and while some chipping may develop, it is small and of not 
much consequence. 

Wlffie heat treatment and grinding of rail ends, and cutting off overflow, minimizes 
these difficulties it is better to have a properly shaped wearing surface to start with. 

On curves the wearing surface of head has a decided effect upon abrasion from 
wheel flanges. This is shown in the following table for both tangent and curved track 
after 1 year 4 months’ service (gross tonnage 63,500,000) of 130 lb. P.S. and 131 lb. 
PB. rails: 
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Table of Rail Abrasion 
No. 1 Track — Between Spruce Creek and Tyrone 


(Tangent and Curved Track) 




Gross 

Tons 

Over 

Rails 

(Milns) 

Degree 

of 

Curve 

or 

Tang. 


A 

Lverage 

Sq. In. o 

f .Abras 

ion 


% Wear 
Based 
onl007r 
for 

130-lb. 

wt. 

Lb. 

per 

Yd. 

Mos. 

1 of 
Ser- 
vice 

No. 

Rails 

Meas. 

Sou. 

or 

Low 

Rail 

No. 

Rails 

Meas. 

Nor. 

or 

High 

Rail 

No. 

Rails 

Meas. 

Hi., Low, 
Nor. or 
Sou. 
Rails 

Per 10 
Milns. 
Tons Ov- 
1 Rails 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

130 

16 

63.5 

4°56' L 
4°47' H 

20 

.446 

20 

.663 

40 

.554 

.087 

100 

131 

16 

63.5 

5°25' L 
5“28' H 

15 

.181 

15 ’ 

.457 

30 

.319 

.050 

58 

130 

16 

63.5 

Tang. 

5 

.374 

5 

.340 

10 

.357 

.056 ; 

100 

131 

16 

63.5 

Tang. 

5 

.154 

5 

.160 

10 

.157 1 

.025 

44 


The Web 

Maximum fishing section should be provided to give strength to the joint. Short 
radius fillets, which concentrate stresses, should be avoided. 

The web should be so designed that uniform fibre stresses well within the elastic 
limit of the material will result from application of maximum vertical and lateral loads. 

These stresses for the tentative 130 lb. RJE. A-2 and 131 lb. P.S. sections are shown 
on Fig. 2. The horizontal force of 17,000 lb. was the maximum measured lateral force 
developed in Claymont tests with electric locomotive at high speeds. 

Certain theoretical calculations of web and fillet stresses ^ow quite high stresses 
under the head, but such calculations are based on conditions away from the rail end 
and where web failures seldom or never occur. At the rail end conditions are entirely 
different and a number of web failures occur at this point, but it is our experience that 
73 per cent of them are above the base of rail and below neutral axis. 

The accumulation of facts outlined above led us to provide a web of conventional 
design, but somewhat thicker and stronger in the area between neutral axis and the 
bottom of the web. 

The Base 

The width of the base is fixed by the accepted H/B ratio, which is the result of 
conclusions drawn from calculations involving many variables, of which spe^, axle 
■load, loading arrangement, position of center of gravity and character of fastenings are 
representative. 

The thickness of the base should be such that the maximum fibre stress is well 
within the elastic limit. 

The experience of the P.R.R. has been that numerous base failures occurred in 
rails with lighter base section than the 130 lb. P. S., 131 lb. P.S. and 152 lb. P.S. rails. 

Comparative Strength 

From Professor Talbot’s formula, given in the First Progress Report of the Com- 
mittee on Stresses in Railroad Track, comparative data for different sections of rail 
can be calculated for simple and supported spans. 

Using the calculated data for the rail sections referred to in this report, their com- 

. 

parative strength on the basis of is as follows: 


130 lb. P.S 100.00 

Tentative 130 lb. R.E. Sec. A-2 103.13 

131 Ib.P-S 105.38 

152 lb. P.S 121.39 


Yours very tmly, 

(Signed) Robt. Fames, 
Assistant Chief Engineer — ^Maintenance. 
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Appendix F-S 

(11) RAIL LENGTHS IN EXCESS OF 39 FEET 

Your Sub-Committee has given considerable study to the matter of desirable 
length of rails but desires to study further the relative economies of manufacturing and 
of maintenance before expressing a conclusion as to an alternative recommended prac- 
tice. It reports progress only for this year and recommends that the subject be con- 
tinued for further study. 


Appendix G 

(7) COMPILATION OF INFORMATION OF TESTS OF ALLOY AND 

OF HEAT-TREATED CARBON STEEL RAILS 

(8) PREPARATION OF SPECIFICATIONS FOR INTERMEDIATE 

MANGANESE STEEL RAIL 

J. B. Young, Chairman, Sub-Committee; J. E. Armstrong, W. C. Barnes, E. E. Chap- 
man, W. A. Duff, C. W. Johns, E. E. Oviatt, G. J. Ray, A. N. Reece, R. T. Scholes, 
C. P. Van Gundy, J. R. Watt. 

(7) COMPILATION OF INFORMATION OF TESTS OF ALLOY AND OF 
HEAT-TREATED CARBON STEEL RAILS 

Your Sub-Committee reports that very little additional tonnage of alloy or of 
heat-treated carbon steel rail has been purchased by the railroads during the past year 
and that there is little change in the record of failures. 

The Sub-Committee reports progress this year. 

(8) PREPARATION OF SPECIFICATIONS FOR INTERMEDIATE MANGANESE 

STEEL RAIL 

Last year’s report on this subject stated that the largest users of intermediate 
manganese steel rail were experimenting with compositions differing from those which 
they had previously purchased and that the preparation of specifications would be de- 
ferred until definite knowledge of the most suitable composition is available. This in- 
volves service tests. Such information as has since been secured is not sufficient to 
warrant the preparation of specifications at this time. 

The Sub- Committee reports progress. 
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To the American Railway Engineering Association: 

Your Committee on Grade Crossings presents herewith report on the following 
subjects: 

1. Revision of Manual (Appendix A). 

(a) - Further study of the proper lighting of the base of signals where located in the 
center of highway. Recommended that the conclusion be adopted by the Association. 

(b) Detail plans of “Number-of-Tracks” sign, both painted and with reflector 
lenses. The recommendation is submitted for adoption by the Association. 

(c) Detail plans of the illumination of highway cross-buck signs by means of re- 
flector lenses. Recommended that the detail plans be adopted by the Association as 
standard. 

Addenda 1 


(a) Specifications covering detail plans (b) and (c) above-mentioned. The recom- 
mendation is submitted for adoption by the Association. 

(b) Revision of Highway Crossing Sign, illustrated on page 65, A.R.E.A. Bulletin 
Vol. 33, No. 337, July, 1931. Recommended that the revision be approved by the 
Association. 

2. Economic aspects of grade crossing protection in lieu of grade separation. 
Recommended that the subject be continued (Appendix B). 

3. Laws, regulations and practices governing dimensions and clearances affecting 
construction, protection, elimination and separation of grades of highway grade crossings. 
Recommended that the report be received as information (Appendix C). 

4. Laws and practices for determining division of cost of highway grade crossing 
separations. Recommended that the report be received as information (Appendix D). 

5. Drainage methods for grade crossing elimination projects and division of cost 
chargeable thereto. Recommended that the report be received as information 
(Appendix E). 

6. Use of concave street sections for grade separation subways and transition from 
crown to concave sections. Recommended that the report be received as information 
(Appendix F). 
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7. Study and recommend standard specifications for street crossings over railway 
tracks, both steam and electric, collaborating with Committee I — Roadway, and with the 
American Society of Municipal Engineers and the American Electric Railway Associa- 
tion (now the American Transit Association). Recommended that the subject be con- 
tinued (Appendix G). 

8. Use of highway crossing plank and substitutes therefor, collaborating with Com- 
mittees I — ^Roadway and V— Track. Recommended that the subject be continued and 
the further recommendation be adopted by the Association (Appendix H). 

9. Stock guards — ^types, uses and necessity. Recommended that the report be re- 
ceived as information (Appendix I). 

Respectfully submitted, 

The Committee on Grade Crossings, 

J. G. Brennan, Chairman. 


Appendix A 

(1) REVISION OF MANUAL 

P. M. Gault, Chairman, Sub-Committee; H. D. Blake, Bernard Blum, H. E. Brink, C. A. 
Dayton, H. L. Engelhardt, H. W. Fenno, M. V. Holmes, Maro Johnson, R. B. Kitt- 
redge, E. R. Lewis, G. P. Palmer, W. C. Pinschmidt, Frank Ringer, Leroy Wyant, 
A. M. Zabriskie. 

(a) Further study of the proper lighting of the base of signals where 
located in the center of highway. 

Conclusion 

It is the opinion of your Committee that no change should be made in the present 
standard, which is fully outlined in A.RE.A. Bulletin Vol. 33, No. 337, July, 1931, and 
also in Bulletin No. 1 of the Joint Committee on Grade Crossing Protection, A.RJV. 
Your Committee feels that either of the methods of illumination shown is sufficient. 

It is recommended that this conclusion be received by the Association as informa- 
tion and that the Joint Committee on Grade Crossing Protection, A.R.A., be advised of 
the action taken. 

(b) Detail plans of “Number-of-Tracks” sign, both painted and with re- 
flector lenses. 

Your Committee has cooperated with the Signal Section, A.R.A., in developing 
detail plans for the following: 

1. Detail plans for the “Number-of -Tracks” sign, both painted and with reflector 
lenses, identified as A.RA. Signal Section Detail Drawings Nos. 1644A and 164SA. 

2. Detail plans of the crossbuck sign, both painted and with reflector lenses, for 
use in connection with flashing light or wig-wag signals, identified as A.R.A. Signal Sec- 
tion Detail Drawings Nos. 1640A, 1641A, 1642A and 1643A. 

3. Detail plans for the illumination of the “Stop on Red Signal” sign and the 
“Stop-When-Swinging” sign, by means of reflector lenses, identified as A.R.A. Signal 
Section Detail Drawings Nos. 1646 A and 1648 A. 

4. Plan of Adapter Clamp and Details for Signs, identified as A.R.A. Signal Sec- 
tion Detail Drawing No. 1647A. 

5. Plan of Reflector Crossing Signal Marker, identified as A.R.A. Signal Section 
Detail Drawing No. 1649 A. 

6. Plan of Details of Numerals for Track Signs, identified as A.R.A. Signal Sec- 
tion Detail Drawing No. 16S0A. 
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Recommendation 

It is the recommendation of your Committee that the above-described drawings 
be endorsed by the Association as standard, by reference. 

(c) Detail plans of the illumination of highway cross-buck signs by means 
of reflector lenses. 

Your Committee, in conjunction with the Signal Section, ARAl., have developed 
detail plans for the illumination of this sign, by means of reflector lenses. Two plans 
showing the details are submitted herewith. 

The assembly is not shown mounted. It can be mounted on a wood or concrete 
pole with the aid of straight bolts or it can be mounted on a pipe mast with the aid of 
clamp shown on Signal Section Drawing No. 1647A, in the same manner shown for the 
90 degree reflector crossbuck. 


Recommendation 

It is the recommendation of your Committee that the above-described detail plans 
be adopted by the Association as standard. 

Addenda 1 

(a) A.R.A. Signal Section Specification Nos. 15633 and 15533. 

The above-entitled specifications have been prepared to provide signs of various 
designs for railroad highway grade crossing protection, as heretofore described by draw- 
ings, under (b) and (c)-. (Exhibit B.) 

Recommendation 

It is the recommendation of your Committee that the above-mentioned specifications 
be endorsed by the Association as standard, by reference. 

(b) Revision of Highway Crossing Sign, illustrated on page 65, A.R.E.A. 
Bulletin Vol. 33, No. 337, July, 1931, to omit the 50 degree angle shown 
between the blades. 

It has been called to the attention of your Committee, that most of the roads 
throughout the country are using the crossbuck sign and that if the A.RJ;A. 
Manual could be revised to eliminate the angle between the blades, the practice of the 
railroads generally would then conform to the A.R.EA. standard (as revised), excepting 
in certain states where laws require variation in painting or otherwise. 

Recommendation 

It is the recommendation of your Committee that the 50-degree angle shown between 
the blades of the Highway Crossing Sign, be eliminated. 



enamel white semi-gloss finish 
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50' REFLECTOR CROSSING SIGN DETAILS 


scales Of INCHES 
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Appendix B 

(2) ECONOMIC ASPECTS OF GRADE CROSSING PROTECTION IN 
LIEU OF GRADE SEPARATION 

G. P. Palmer, Chairman, Sub-Committee; S. N. Crowe, L. B. Curtiss, C. A. Da3d:on, 
A. R. Dewees, G. N. Edmondson, J. P. Hallihan, W. M. Jaekle, Maro John^n, 
R. B. Kittredge, A. E. Korsell, E R. Lewis, Frank Ringer, A. H. Utter, Leroy Wyant. 

Considerable time and effort have been devoted to the investigation and study of 
this subject during the past two years. The broad scope of the subject requires collec- 
tion of a great amount of statistical and cost data and it has not been possible to reach 
a definite and final determination to date. Preliminary studies have been developed, 
involving comparative tables, etc. The information compiled to this time permits only 
a report of progress being made. 


Recommendation 

It is the recommendation of your Committee that the subject be continued for 
further study and report. 


Appendix C 

(3) LAWS, REGULATIONS AND PRACTICES GOVERNING DIMEN- 
SIONS AND CLEARANCES AFFECTING CONSTRUCTION, PRO- 
TECTION, ELIMINATION AND SEPARATION OF GRADES OF 
HIGHWAY GRADE CROSSINGS 

W. C, Pinschmidt, Chairman, Sub- Committee; H. D. Blake, H. E. Brink, S. N. Crowe, 
A. T. Danver, G. N. Edmondson, H. L. Engelhard!, R. B. Kittredge, W. B. Knight, 
C. E. Robinson, A. H. Utter, W. L. Young. 

Information for this assignment was secured by means of a questionnaire which was 
distributed to the several State Highway Departments of the United States, the District 
of Columbia, and the Canadian Provinces. Wherever possible, the legal requirements 
have been indicated in the tabulation, which is submitted herewith. 

Recommendation 

It is the recommendation of your Committee that the report be received by the 
Association as information. 


Appendix D 

(4) LAWS AND PRACTICES FOR DETERMINING DIVISION OF 
COST OF HIGHWAY GRADE CROSSING SEPARATIONS 

M- V. Holmes, Chairman, Sub- Committee; F. D. Batchellor, F. J. Blickensderfer, Bernard 
Blum, C. W. Charleson, P. M. Gault, R. C. Gowdy, J. P. Hallihan, Maro Johnson, 
A. E. Korsell, W, S. Lacher, G. P. Palmer, V. R. Walling. 

The investigation and study of this assignment has been carried on for the past two 
years. The Summary of Laws and Practices in each State has been compiled from ex- 
amination of laws and information obtained from various sources. Report submitted 
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ALABAMA 

Authority is vested in State Highway Commission on grade elunination projects on 
state roads to compel railroads to pay 50 per cent of cost of portion on right-of-way. 

If after due notice from State Highway Commission railway fails or refuses to build 
structure, Commission may build structure and Attorney-General will sue railroad for 
50 per cent of cost of structure on right-of-way. 

Cities over 35,000 may require railroads to construct and maintain 100 per cent of 
grade separation structure. 

Public Service Commission has jurisdiction over railroads but has no authority to 
enforce division of costs. 

In two recent cases on state roads the railroads bore 50 per cent of cost of structure 
but no cost of approaches. 


ARIZONA 

Corporation Commission has full jurisdiction over aU present and future grade cross- 
ings including division of costs in elimination projects. 

In several recent cases the costs to railroads have been from 25 per cent to SO per 
cent and average about 40 per cent. 

On new roads railroads usually pay 25 per cent and on all heavily traveled roads 
their portion is SO per cent. 


ARKANSAS 

Railroad Commission does not have authority to enforce division of costs. State 
Highway Commission has power to require railroads to make grade separations and may 
assume not to exceed SO per cent of costs on a state road or extension of a state road 
through a town or city. 


CALIFORNIA 

• Railroad Commission has exclusive authority over all grade crossing elinunations in- 
cluding apportionment of costs. Commission also has power to enforce collection by suit 
against corporation or governmental body. 

Highway Commission may make arrangements with railroads as to division of costs, 
these divisions being based on previous rulings of railroad commission, the guiding prin- 
ciple being the assumption that costs should be divided in direct proportion to the 
benefits derived. 

In cases of new roads the railroads proportion has been fixed at 25^ per cent. In 
cases of old roads or streets wherein travel has increased until it is a distinct advantage 
to railway company to eliminate the grade crossing, the railway has contributed 50 per 
cent. 


COLORADO 

The Public Utilities Commission has full jurisdiction over grade crossing elimination 
including power to apportion costs. (See E^bit “A”) 

CONNECTICUT 

The statute provides that the railroad shall apply to the Public Utilities Commission 
for elimination of at least one grade crossing each year for every fifty miles of road 
operated in the state, which crossings to be removed iall be those which, in the opinion 
of the Directors are among the most dangerous upon the railroad. In case railroad ini- 
tiates petition it bears the expense. 

If the Directors fail to make such applications, the Public Utilities Commission 
shall, if in its opinion the financial conditions of the railroad warrant, order such crossing 
or crossings removed, as in the opinion of the Commission the Directors should have 
applied for the removal of under the provisions of the law. In this case the state pays 
one-fourth of the expense and the railroad the balance. Such order contingent on 
appropriation of sufficient funds by the General Assembly. (For many years no cross- 
ings have been eliminated under the above provisions) . 

Municipalities (towns, cities or boroughs) may apply for the elimination of a cross- 
ing, in which event the municipality may be assessed not exceeding one-fourth of the 
whole expense if the highway in question was in existence at the time of construction of 
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the railroad and not more than one-half of the expense if the highway was constructed 
since railroad, which it crosses at grade. The remaining cost is assessed against the rail- 
road. Crossings have been eliminated under this provision. 

Highway Commission may petition Public Utilities Commission for the elimination 
of crossings when unable to reach agreement with railroad. State must file plans and 
estimate of entire cost with Utilities Commission five days previous to hearing. Utilities 
Commission has power to divide costs. 

DELAWARE 

There is no Public Service Commission in this state and no public body vested with 
authority to apportion costs involved in grade separation projects. 

There is no law requiring elimination of crossings at joint expense. However, rail- 
roads have eliminated several crossings in recent years under agreement with State High- 
way Commission whereby the costs were equally divided. 

State Highway Law prohibits the construction of new highway crossings with 
railways at grade. 


DISTRICT OF COLUMBIA 

The Commissioners of the District of Columbia are authorized (subject to appro- 
priations made by Congress) to eliminate grade crossings and apportion one-half of cost 
to railroads. 

The law covering future work provides that no new streets shall be carried across 
steam railroad tracks at grade, and in case a street is opened across right-of-way the cost 
of the project on right-of-way shall be equally divided between railroad and munici- 
pality, the municipality to pay for portion off right-of-way. 

FLORIDA 

Railroad Commission has jurisdiction over railroads but is not vested with authority 
to determine and enforce cost of grade separation projects. * 

There is no statute in force bearing on or regulating the abolition of grade crossings. 

GEORGIA 

The Public Service Commission has jurisdiction over railways but is not vested with 
authority to determine and enforce division of costs in grade separation projects. 

^ The State^ Highway Commission has authority to determine division of costs subject 
to judicial review. Code provides that cost be equally divided. The costs of approaches 
beyond_300 feet from the center line not participated in by the railroad and railroad is 
not obligated to spend more than $40, OCX) in any one year. Railroads having gross earn- 
ings less than $2, OCX), 000 in preceding calendar year not required to spend more than 
$30,000. 

Commission does not have authority to interfere with or change the grade or aline- 
ment of railroad tracks or relocate line of railroad, without its consent. 

Code provides that state maintain drainage, surface and pavement of highway and 
bridge as well as the approaches and guard rails except wood floors on overpasses be 
maintained by railroad. The railroad maintains foundations, piers, abutments of all 
xmderpasses and overpasses within limits of its right-of-way. 

IDAHO 

Comimssioner of public works has authority to negotiate with railroads as to division 
of costs with right of appeal to Utilities Commission in case of non-agreement. 

Costs usually divided on 50-50 basis. 

ILLINOIS 

Commerce Com m ission has complete supervision of highway crossings and may ap- 
portion costs of elimination. Usual basis is 50 per cent to railroads and 50 per cent to 
public. 

In cases where old crossing has not been closed the apportionment has been less than 
50 per cent to the railroad. 

The Hi^way Department recently adopted a policy covering division of costs of 
separation of State Roads with railroads of which the following are the principal points: 
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1. Where one or more existmg highway grade crossings are closed, the State pays 
60 per cent of cost of separation and Railroad 40 per cent. 

2. Where no existmg grade crossings dose state will pay 75 per cent and railroad 
25 per cent. 

3. Where the railroad is willing to construct a creosoted timber type subway in- 
stead of permanent steel and concrete, state will pay 100 per cent of the cost regardless 
of whether or not existing grade crossings close, on condition railroad maintain structure 
after bmlt. 

4. When Highway Department deddes creosoted timber overhead structure is ac- 
ceptable, state will pay 100 per cent whether or not existing crossings dose, on condition 
that railroad maintain structure after built. 

5. Where the highway is located by the state so as to pass near an existing subway 
or overhead structure which cannot be used in the highway improvement, state will pay 
100 per cent of a permanent type of separation either under or over, railroad to main- 
tarn the subways and state to maintain the overheads, but if built of creosoted timber 
in either case maintenance to be taken care of by railroad. 

INDIANA 

Public Service Commission has jurisdiction over grade separation projects except in 
cities of more than 20,000 population. Statute provides that cost on state roads be 
divided 50 per cent to railroad and 50 per coit to state. On other roads division is 75 
per cent to railroad and 25 per cent to state. In cities over 20,000 Board of Public 
Works has jurisdiction and costs are divided 75 per cent to railroad and 25 per cent to 
public, except cities 45,000 to 90,000 population may agree to pay 35 per cent. Over 
100,000 population railroad pays 50 per cent. After separation Highway Department 
maintains highway and structure supporting it and railroad maintains its roadway and 
structure supporting same. 


IOWA 

Railroad Commission has authority to apportion costs.^ Usual division of costs for 
both overhead and underpasses has been % to state and % to railroad of total cost in- 
cluding approaches. In some cases the state has stood entire expense of overhead 
structures. 

For undercrossings the state maintains highway paving and drainage and railroad 
maintains structure. For overcrossings state maintains structure and approach^. 

KANSAS 

State Highway Commission has authority to enforce proper diviaon of costs on 
state roads. On county roads the railroad and the County Commissioners may agree on 
division of costs subject to approval of Highway Commission. In case of di^greement 
Highway Commission may h^r the case and divide the costs. On city streets City Com- 
mission has power to enforce proper diviaon of cost. 

KFOTTUCKY 

State Highway Commission is vested with authority to order elimination of haz- 
ardous crossings. Division of costs, induding acquiation of knd, damages to abutting 
property, etc., on railroad right-of-way 50 per cenrt to railroad and 50 per cent to state. 

In cities of the first-class Board of Public Works has jurisdiction and code fixes 
division of costs as 65 per cent to railroad and 35 per cent to city. 

Railroad to maintain structure on right-of-way except surface of roadbed of highway. 

LOUISIANA 

Public Service Commission has jurisdiction over question of div^on of costs of 
crossing eliminations. 

In one case railroad assumed 50 per cent of cost of structure and state 50 per cent 
and entire cost of approaches. This case has been used as a baris for othef agreements. 

MAINE 

Public Utilities Commission has authority to order grade separatioi^ and to appor- 
tion costs upon definite statutory percentages, 10 per cent to towns or dties, 25 per cent 
to state and 65 per cent to railroads. 
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Railroads have been able to make agreements with State Highway Commission, etc., 
under which railroads percentage has been usually SO per cent or under. 

Commission to investigate or otherwise ascertain that the railroad is financially able 
to finance its portion of work. 


MARYLAND 

Chapter 327 of the Laws of 1927 of the State of Maryland provides that when state 
highways and railroads cross at grade and it appears to State Road Commission that 
such crossing should be eliminated, the Commission may eliminate it or require the rail- 
road company to do so on plans approved by the Commission. One-half of the expense 
of the work, including damages to adjacent property, to be paid by the railroad and 
one-half by the State Roads Commission. This applies only to state roads. There is 
no law covering the elimination of grade crossings other than those on state roads. 

In general this state acknowledges the equity of equal participation in the cost of 
grade crossing elimination projects. 

MASSACHUSETTS 

Statute provides that elimination projects in municipalities may be done by agree- 
ment between railroads and municipalities and costs divided 40 per cent to state and 
60 per cent divided between railroad and municipality as agreed. 

Department of Public Works required to file annually with Department of Public 
Utilities, recommendations covering crossings to be abolished and department of Public 
Utilities to hold hearings and designate program of grade crossing abolition. After hear- 
ings, Department of Public Works shall do or have general supervision over the work. 
Except as otherwise provided railroad shall pay SO per cent and the other SO per cent 
divided between the state and municipality, the latter paying not more than 10 per cent 
or less than S per cent. Street railways affected shall pay actual cost of changing railways 
and location to conform to order of abolition. 

Railroad maintains substructure and superstructure and public maintains pavement 
and approaches of either over or underpasses. 

MICHIGAN 

Public Utilities Commission is vested with authority to order grade separations and 
apportion costs. 

Law provides that unless otherwise agreed upon by both public and railroad authori- 
ties the cost of constructing and making all separation of grades, the reconstruction of 
existing grade separations or the alteration of existing grade separations for increased 
highway or railroad facilities, computed as hereinafter provided shall be borne as follows. 
Fifty per cent by railroad or railroads interested and SO per cent by the state, or sub- 
division thereof, city or village, or the board, commission or other agency interested 
therein, or jointly by any or all these parties, except where the reconstruction of existing 
grade separations or the alteration of existing grade separations has not been agreed to 
by both public and railroad authorities, in which event the commission shall prescribe 
in its order who shall bear and pay cost of said improvement in whole or in proportion 
to the interests of the respective parties. 

Maintenance of structure and approaches shall be borne by party whose traffic is 
carried thereon except in complicated cases when commission shall apportion maintenance. 

MINNESOTA 

The Mirmesota Railroad and Warehouse Commission has exclusive authority to 
separate railroad crossing grades and to apportion costs. 

Costs have usually been divided on a SO-SO basis. In some cases the state has paid 
entire cost of grade separations, but in these they have received some other benefits from 
railroad company, such as use of its right-of-way, etc. 

MISSISSIPPI 

State Highway Commission has authority to order grade crossing eliminations subject 
to appeal to courts. Statute provides that costs be divided equally although some struc- 
tures have been built on basis of 2S per cent to railroad and 7S per cent to public, 2S 
per cent being paid by Federal funds. 
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MISSOURI 

Public Service Commission has jurisdiction over all matters relating to hazards and 
location of present and future grade crossings Including apportionment of expense of 
their elimination. 

The apportionment of expense is made on a basis of benefit to interested parties, 
usually after hearing. Law does not allow State Highway Commission to be assessed 
more than 50 per cent. In some cases cost of structure only was divided where state 
received other benefits such as borrow rights on right of way. 

MONTANA 

Railroad and Warehouse Commission has jurisdiction outside of municipalities and 
can apportion costs including maintenance. In cities separations are subjects of negotia- 
tions between railway and city. Division of costs is usually 56.6 per cent to state and 
43.4 per cent to railroad. In some recent cases the state has paid the cost of the 
approaches. 


NEBRASKA 

No statutory provision for division of costs of grade separations. 

State Railway Commission empowered to designate division of cc^ts outside limits 
of cities and villages if railroad and county board cannot agree. 

General basis of costs 50 per cent to railroad and 50 per cent divided between state 
and federal aid. 


NEVADA 

Public Service Co mm ission has fuU jurisdiction in grade separations including appor- 
tionment of costs. 

The code provides railroad pay ^4, state and federal aid 
NEW HAMPSHIRE 

Public Service Commission has full jurisdiction including apportionment of costs. 

When a railroad applies for authority to place grade crossing and is denied i>ermis- 
sion the law provides that railroad pay half of cost of substitute structure, the other half 
of cost to be apportioned by Commission. 

No law apportioning costs of a grade separation for an existing grade crossing. 

Separation may be ordered by town or city, subject to appeal by railroad to com- 
mission, and if so ordered entire cost must be paid by railroad unless agreement made 
providing otherwise. 

Railroads have been able to make agreements with State Hi^way Commisaoners, 
etc., railroads to pay 50 per cent or under. 

NEW JERSEY 

Division of cost of grade crossing elimination is fixed by law, 50 per cent by railroads 
and 50 per cent by state. Total cost to be divided includes moving of municipal water 
and sewer lines, conduits, subways, etc. 

Disputes to be submitted to Board of Public Utility Commissioners whose deter- 
mination is final, subject to review by courts. 

Railroads own and maintain all structures on their right-of-way excefA approaches 
and paving. 

There is $4,000,000 available for the state’s share of work each year. 

NEW MEXICO 

State Highway Commission may order grade separation. If unable to agree with 
railroads may apply to District Court, whose orders ^all be enforced in same manner 
as decrees of equity. 

Cost of separations to be divided 50-50. 

NEW YORK 

Transit Commission has jurisdiction over crossings to be eliminated by separation of 
grades in Greater New York. Public Service Commission has jurisdiction in State out- 
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side of Greater New York. Commissioners do not have jurisdiction over apportionment 
of costs. 

The law specifies that the railroads pay 50 per cent, State 49 per cent and County 
1 per cent. 

Either railroad or municipality may borrow funds from state to finance their share 
of cost and are allotted 50 years to repay debt. 

NORTH CAROLINA 

Corporation Commission has jurisdiction to require grade separations and to appor- 
tion costs. 

Several agreements provide equal division of costs. 

Jurisdiction given Corporation Commission does not deprive cities of authority over 
their streets for protection of their citizens. 

NORTH DAKOTA 

Railroad Commission has jurisdiction but Railway Company may negotiate with 
Highway Department, county or city, as case may be. General division of costs has 
been 50 per cent railway and 50 per cent to public. In some cases where other factors 
were involved such as use of railway’s right-of-way, or new bridge replacing old struc- 
ture paid for by railway, state has assumed more than 50 per cent of project. 

OHIO 

Jurisdiction is lodged with Courts of Common Pleas having jurisdiction over terri- 
tory in which projects are presented. 

On state highway cost is on a 50-50 basis. 

On city streets and county highways, not a part of state highway system, cost is 
borne 65 per cent by railroad and 35 per cent by municipality or county. 

OKLAHOMA 

Corporation Commission has full jutisdiction including division of costs and assign- 
ment of maintenance. City, town or municipality shall not be assessed more than 50 
per cent of cost. 


OREGON 

Public Service Commission has full power regarding new grade crossings and the 
separation of grades, including power to apportion costs. 

Jurisdiction of Commission does not extend to cities over 100,000 population. 

In some cases by agreement with counties expense has been equally divided. 

In other cases where State Highway Commission was involved the railroad paid 40 
per cent, the state and county 60 per cent where new structure resulted in elimination 
of grade crossing. 


PENNSYLVANIA 

Public Service Commission has exclusive power regarding grade separations and 
apportionment of expense. 

Cost is divided on basis of conditions presented at hearing. 

In general cost is divided 50 per cent to railroad and 25 per cent each to county and 
state. 


RHODE ISLAND 

Town Council may request railroad in writing to eliminate grade crossing. If rail- 
road neglects to do so council may appeal to Public Utilities Commission which has 
power to decide on elimination, subject however, to appeal to Supreme Court within 30 
days. 

Supreme Court has full power including division of costs. 

If railroad neglects or refuses to Change gtade after ruling by court, town council 
may make change and in action against corporation recover all charges and expenses. 

Grade crossing eliififnation has not been extensive and cost has usually been divided 
by agreement. 
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SOUTH CAROLINA 

Railroad Commission has full authority over separation of gradea. 

The law provides that for overcrossings railroad shall pay 50 per cent of cost in- 
cluding approaches not Receding 150 feet either side, the state to pay remaining 50 per 
cent. For an undercrossing the state shall pay 50 per cent of cost to cut through railroad 
fill and of bridge j cost of approaches and drainage paid by state. 

Authority of Railroad Commission does not extend to crossings located in munici- 
palities, which are under control of local municipal government. 

SOUTH DAKOTA 

Highway Commission and Board of County Commissioners have authority, subject 
to approval of Board of Railroad Commissioners, to eliminate dangerous grade crossings 
where practical, expense to be divided equitably. 

If lands appropriated for relocation of crossing, total cost of project to be divided 
50-50. 

In case of separation of grades railroad to pay for improvements on right-of-way 
and provide drainage, state or county to pay remainder, additional right-of-way to be 
provided by state and county. 

If agreement cannot be reached between Highway Commission and railroad on dis- 
tribution of cost of work, Highway Commission may appeal to Railroad Commission, 
which has power to apportion cost. 

Railroad to maintain structures. 


TENNESSEE 

State Highway Commission has power to eliminate grade crossings. Railroads have 
the right of appeal to the Railroad and Public Utility Commission for change in plans 
or extension of time. 

Law provides that total cost of grade separations be divided on a 50-50 basis. 

Railroad to maintain all that part of any overpass or underpass and approaches on 
its right-of-way, also that part of any overpass structure or approach not supported by 
a fiU whether on right-of-way or not, except surface of highway. 

TEXAS 

No state commission or other body with authority to apportion expense. 

Custom is to handle each case as an individual and make best agreement possible. 

UTAH 

Public Utilities Commission has full authority including apportionment of costs. 

No definite policy of apportioning costs. Cost generally divided on '50-50 basis. 

VERMONT 

Railroads are required by Public Service Commission to spend not less than |75 per 
year per mile of operated line in state for elimination of grade crossings. Commission 
has relieved railroads of this requirement except in special cases. 

When existing crossing eliminated railroad pays 65 per cent, state 25 per cent, 
municipality 10 per cent. 

Where new highway established railroad pays 60 per cent, state 25 per cent, munici- 
pality 15 per cent. 

In some cases railroads have made agreements with Highway Co mm i ss ion for a 
50-50 division of costs. 


VIRGINIA 

State Corporation Commission has full authority including apportionment of costs. 

Code provides that cost of a grade separation to be on a 50-50 bas^ railroad to 
maintain crossing, except in cases where improvement is made in any railroad it shall 
be made at railroad’s expense. 

When Highway Commission purposes to change alignment of highway eliminating 
one or more crossings, railroad shall be notifi^ and shall be liable for one-half the 
excess cost of constructing road along a line eliminating such, over the estimated cost 
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of similarly improving road along the line including the grade crossing. New alignmer 
shall not exceed five miles in length. One-half of excess cost chargeable to railroad sha 
not exceed their legal proportion of cost of overhead or underground crossing at poir 
where grade crossing is eliminated. Railroad may appeal to State Corporation Con 
mission if dissatisfied with excess cost, the commission to determine amount. 

WASHINGTON 

Department of Public Works has jurisdiction including apportionment of cost 
except in cities of first-class. Cases are considered on their merits and division of coj 
to the Railway Company has varied, and lately has not exceeded 50 per cent. Recer 
cases indicate fair attitude toward railways. 

In municipalities practice varies from an equal division of cost to 100 per cent t 
the railways. 


WEST VIRGINIA 

Statutes provide that Stale Road Commission, County Courts, or Municipal Council 
have jurisdiction and power to order a railroad to separate crossing grades. 

Cost to be divided equally between railroad and State Road Commission, Count 
or Municipality as the case may be. 


WISCONSIN 

Railroad Commission has authority on petition to order elimination of grade cross 
ings and fix proportion of costs. Cost is not divided on a fixed basis, each case beinj 
treated on its merits. 


WYOMING 

Public Service Commission has authority in grade eliminations including apportion 
ment of costs. There have been few separations in this state but all have been appor 
tioned on a 50-50 basis. 


Exhibit A 

STATES WHEREIN RAILROADS HAVE WORKING AGREEMENTS NOT 
AUTHORIZED BY LEGISLATURES 


Colorado 

State Highway Department and railroads formed following working agreement to b< 
used as a basis for future grade separation work. 

(1) The division of costs to be one-third paid by the railroad company and two- 
thirds by the Highway Department. 

(2) The Highway Department to design the crossing with as favorable an angh 
of intersection as practicable, consistent with best practice as to the highway require- 
ments, but whatever the angle, it is to have, no bearing in the division of costs. 

(3) The cost of the crossing separation is to be computed from the normal highwaj 
grade on one side of the railway track to the normal grade on the other side, and h 
irrespective of the railway right-of-way lines. 

(4) The cost of surfacing the roadway, either by cement or bituminous paving o] 
by crushed stone or gravel, is not to be computed in the cost of grade separation. Th( 
entire cost of putting the roadbed in shape to receive the paving or surfacing is to b( 
computed as a part of the cost of the grade separation. 

(5) It is understood that in all cases the crossing layout and design of structure 
will be submitted by this Department to the Railroad Company, and fuU consideratior 
given to their comments and suggestions. Attention is called to the fact that heretofore 
in all cases of separation by underpass, the Railroad Company has itself designed the 
stru^ure, and it is the intention of this Department to continue the policy. As hereto- 
fore the Department will design the viaducts but will submit these designs to the Rail- 
road Company for approval. 

(6) It is understood that while the above sets out the general principles on whict 
the problem of grade separation and the division of costs is to be considered, there ma> 
be and are many minor related items that are left for agreement at the time of discus- 
sion of the particular aossing. 



Grade Crossings 


661 


Florida 

Agreement between Florida State Road Department and Railroads dated July 3, 
1924, has been used as basis for crossing eliminations. 

(1) Whenever a state road crosses an existing railroad the State Road Department 
may determine whether the crossing be at grade, or by overpass or underpass. This 
also included existing state roads. 

(2) Overpass: The railroad involved shall be responsible for one-half of the entire 
cost of the bridge from abutment to abutment including same. The State Road Depart- 
ment shall be responsible for the remaining cost. The railroad will maintain the sup- 
porting abutments and bents and the State Road Department the remainder. An over- 
pass shall be constructed for at least two tracks unless waived by the railroad. 

(3) Underpass: The railroad shall be responsible for one-half the expense of all 
excavations “through the existing railroad M of the railroad right-of-way and one-half 
the complete cost of the structure necessary to carry the railroad tracks on the railroad 
right-of-way including the foundation, substructure, and superstructure ; and the State 
Road Department shall be responsible for the remainder of the cost.” The railroad 
maintain the substructure and superstructure and the State Road Department the road- 
way and drainage. Such structure shall be built to accommodate at least two tracks 
unless waived by the railroad. 

(4) Grade Crossing: The railroad company is responsible for one-half the cost 
between points ten ft. (10') beyond the ties on eaci side of the tracks. The State Road 
Department is responsible for the re mainin g cost. Maintenance between aforesaid is by 
the railroad. 

(5) A new railroad line crossing an existing state road: The railroad elects whether 
the highway shall be carried over or under the railroad unless agreement is made with 
the State Road Department to cross at grade. 

(a) Overpass: The State Road Department shall bear one-half the expense of the 
bridge spanning the track. The railroad bears the entire expense of the approach fills, 
whidi shall be on a 5 per cent grade unless otherwise agreed upon, and shall cooperate 
with the State Road Department in reconstructing the pavement to an amount equal to 
the appraised value of the existing pavement which has been disturbed. 

(b) Underpass: The State Road Department pap one-half the cost of the rail- 
road bridge spanning the highway and the railroad provides the fills. 

Construction of additional tracks on existing right-of-way of an existing railroad is 
not considered new construction, and Sections (1), (2), (3) and (4) shall govern. 

(6) No railroad is required to spend in one calendar year more than Vs of 1 per 
cent of total gross earnings derived from both interstate and intrastate^ buaness in 
Florida during the calendar year next preceding, unless agreed to by the railroad. 

(7) This agreement is effective July 3, 1924. 

(8) Whenever an underpay or overpass is substituted for a grade crossmg such 
grade crossing shall be closed. 

Wisconsin 

State Highway Commission has working agreement with large railroads to divide 
expense of elimination on state trunk highway 40 per cent to railroad and 60 per cent to 
state. 

General Data 

In a number of other states railroads have working agreements with State Highway 
Commissions, etc., for which there is no l^al authority. 

These agreements, however, have been accepted as a basis for nego^tiop and recog- 
nized practice, and as a result of this some may eventuahy be adopted by legislatures. 


Recommendation 

It is the recommendation of your Committee that the report be received by the 
Association as information. 
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Remarks 

State has jurisdiction on county roads where 
state fimds used. Cities over 35000 can com- 
pel R. R. 's to pay 100%. 

In several recent cases cost to R. R. has been 
25 to 50% averaging about 40%. Old heavy 
traveled roads 50-50. 

State Highway Commission may not assume to 
exceed 50% of costs on state road or exten- 
sion through town or city. 

New roads railroad pays 25%. Old established 
roads railroad pays 50%. 

Agreement with State Highway Commission 
provides for division H Railroad; ^ State. 

In municipalities if old established crossing city 
pays 25%. If recent not more than 50%. 

No public body vested with authority in grade 
separation. Separations made by agree- 
ments between Highway Dept. & Ry. 
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Assessment of railroad portion la for amount 

Kentucky County 60 60 x on right of way. 
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Remarks 

Assessments based on past practice. 

Statutes provide 66-35 division of costs. Vari- 
ous agreements with St. Highwav Dent, on 
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No law for other roads but state acknowl- 
edges equity 60-60 basis. 
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proval of Pub. Utilities Com. R. R. main- 
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Railway Commission to designate division of 
costs where agreement can not be reached. 

Railroad State H. Federal Aid 1^. 

When separation ordered by City or Town 
R. R. must pay 100% unless agreement made 

Railroads own and maintain all atructurea on 
right of way except approaches and paving. 

District Court to rule in case of disagreement. 

Transit Commission has jurisdiction in greater 
New York. Public Service Commiraion out- 
side of greater New York. 

Several agreements provide 60-60 basis of 
costa. Corporation Commission has juris- 
diction. 
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Railway Commission has jurisdiction in case 
of no agreement. Railroad maintains struc- 
tures. 

Railroad maintains all structures also ap- 
proaches on right of way except surface of 
highway. 

No jurisdiction. Custom to handle each case 
as an individual. 

No definite policy of apportioning costs. 
Precedent 60-60 basis. 

Existing crossings 66-36; new crossings 60-40; 
Some agreements with S. H. Dept. o0-60. 

Corporation Commission has jurisdiction over 
Highway Comnussion. State may change 
road on same cost basis. 

Department of Public Works has Jurisdiction 
except in cities over 20^000. 

Statutes provide jurisdiction for State Road 
Commission, County Court or Municipal 
Councils. 
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Remarks 

R. R. Commission has jurisdiction- Highway 
Commission has working agreement with 
R. R.’s 40-60. 

Few separations but all on 50-50 basis. 
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Appendix E 

(5) DRAINAGE METHODS FOR GRADE CROSSING ELIMINATION 
PROJECTS AND DIVISION OF COST CHARGEABLE THERETO 


A. R. Dewees, Chairman, Sub- Committee; E. L. Anderson, F. J. Blickensderfer, John 
Carmichael, L. B. Curtiss, A. T, Danver, W. M. Jaekle, L. J. Riegler, C. E. Robinson, 
H. M. Shepard, A. H. Utter, R. F. Wood, A. M. Zabriskie. 


It is the sense of this Committee that drainage methods for grade crossing elimination 
projects are engineering details to be considered in connection with each individual project. 

Likewise, the division of costs chargeable thereto is a problem that must be deter- 
mined as part of the division of cost of the entire project. 


Recommendation 

It is the recommendation of your Committee that the report be received by the 
Association as information. 


Appendix F 

(6) USE OF CONCAVE STREET SECTIONS FOR GRADE SEPARA- 
TION SUBWAYS AND TRANSITION FROM CROWN TO CON- 
CAVE SECTIONS 

E. R. Lewis, Chairman, Sub- Committee ; E. L. Anderson, John Carmichael, C. W. 
Charleson, S. N. Crowe, C. A. Dayton, R, C. Gowdy, A. G. Holt, A. E. Korsell, 
L. J. Riegler, W. S. Lacher, H, M. Shepard, R. F. Wood. 

Definition 

Concave Street Section. — A hollow roadway cross-section of curved or angular aline- 
ment, lowest in the middle, whence it rises gradually to high points at the curbs. 

Vertical Clearance 

The change in vertical clearance made possible by the use of concave as compared 
with convex cross-sections equals the sum of the rise and fall from the horizontal in the 
convex and concave designs. Underclearances of subway bridges may be increased at 
the center and well toward the curbs, thus providing extra height for cover plates of 
girder bridges and for overhead trolley car systems. The primary urge for vertical 
clearance far in excess of the ordinary automotive vehicle and load has been predicated 
largely on the accommodation of electric street cars with overhead trolleys, existing or 
prospective. In some cases convex pavements have been removed and replaced in sub- 
ways by concave pavements, especially to permit the routing of such street car lines 
through the subway. Such alterations are made without disturbance of any structural 
element except the pavement and its drainage facilities. 

Since streetcar tracks occupy the central part of the roadway and require greater 
vertical clearance than other street traffic, the concave section clearly conforms to actual 
traffic requirements, whereas the convex section places the streetcar lines in the zone of 
least clearance. Street traffic studies indicate that automotive drivers increase speed 
through subways and drive well away from the curbs, leaving three to five feet of pave- 
ment adjacent to curb lines practically unused. It is feasible in designing concave section 
pavements to depress from curb lines to five foot points sharply as compared with the 



670 


Grade Crossings 


remaining central portion, thus widening the zone of low pavement to the limits of 
actual travel, the result being an approach to elliptical rather than the circular form of 
curve. 

While the diference between the convexity and concavity of cross-sections is at 
most a matter of inches, this difference assumes economic importance because it influ- 
ences the major elements of cost. Drainage structures, notably the lengths and numbers 
of sewer connections and the number of catch basins, are minimized, while the separation 
of the grades and general extent of the work is favorably affected. 

Transitions 

Transitions from concave to convex section at tops of subway approaches are made 
by warping from concave to flat to convex surface within the limits of the vertical curve 
provided to connect the street grade with the subway approach grade. The concave 
section is of distinctive advantage at cross street intersections which are located within 
subway approach limits, because the concavity forms a desirable valley with which the 
descending grades of the cross streets may be connected without reverse vertical curves, 
this arrangement tending to simplify the drainage as well as the pavement warping. 


Recommendation 

It is the recommendation of your Committee that the report be received by the 
Association as information. 

The concave street section is recommended for consideration of designers of grade 
separation subways. 
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Appendix G 

(7) STUDY AND RECOMMEND STANDARD SPECIFICATIONS 
FOR STREET CROSSINGS, OVER RAILWAY TRACKS, BOTH 
STEAM AND ELECTRIC 

V, R. Walling, Chairman, Sub- Committee; F. D. Batchellor, L. B. Curtis, A. T. Danver, 
G. N. Edmondson, C. F. Edwards, H. W. Fenno, P. M. Gault, R. C. Gowdy, J. P. 
Hallihan, H. A. Hampton, M. V. Holmes, W. M. Jaekle, W. B. Knight, H. M. 
Shepard, W. L. Yoimg. 

Serious consideration has been given to the investigation and study of this assign- 
ment, during the year. A tentative report was submitted at the last meeting of Com- 
mittee IX, but it was decided to return the subject to the Sub- Committee for further 
investigation and preparation of additional information. Progress is reported in connec- 
tion with this assignment. 


Recommendation 

It is the recommendation of your Committee that the subject be continued for 
further study and report. 


Appendix H 

(8) USE OF HIGHWAY CROSSING PLANK AND SUBSTITUTES 

THEREFOR 

F. D. Batchellor, Chairman, Sub- Committee; C. W. Charleson, S. N. Crowe, C. A. 

Dayton, L. C. Frohman, A. G. Holt, W. B. Kni^t, A. E. Korsell, W. C. Swartout, 

A. H. Utter, R. F. Wood, W. L. Young. 

This assignment has been studied under various headings since 1922 and finally 
resulting in 1925 in the adoption of “Specifications for Bitu m i n ous Crossings'’, which was 
approved for publication in the Manual. Since that time there has be^ an increase in 
the use of bituminous and other kinds of material and a corresponding decrease in the 
use of crossing plank. 

The subject assigned has received serious study and consideration during the past 
year and a tentative report was prepared, which was submitted at the last meeting of 
Committee DC, with the result that the assignment was referred hsLck to the Sub-Com- 
mittee for further study. 


Recommendation 

It is the recommendation of your Committee that the subject be continued for 
further study and report. 


Further Recommendation 

It is the further recommendation of your Committee that further study of this sub- 
ject be conducted under the caption of — ^‘'Study the types and relative economy of 
different types of highway crossings, collaborating with Committees I— Roadway and V— 
Track”. 
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Appendix I 

(9) STOCK GUARDS— TYPES, USES AND NECESSITY 

Maro Johnson, Chairman, Sub-Committee; E. L. Anderson, F. D. Batchellor, F. J. 

Blickensderfer, John Carmichael, C. W. Charleson, A. R. Dewees, H. W. Fenno, 

H. A. Hampton, A. G. Holt, W. B. Knight, W. S. Lacher, L. J. Riegler, C. E. 

Robinson. 

This report is based on information furnished by thirty-two railroads representing 
all sections of the United States, except the extreme northwest, and Canada. The nature 
of the information received makes it seem logical to reverse the order of treatment sug- 
gested by the title. 

The conditions which brought about the almost universal requirement for the in- 
stallation of stock guards in the early State laws affecting railroads no longer exist in 
a large portion of the United States. Farmers are prohibited by law from allowing 
stock to run at large and as a result farm fences are more effective. Better materials 
are available for making them effective. Because of motor traffic less stock is driven 
on the highway, much of it being hauled in trucks to rail sidings or direct to market. 
In some parts of the country less stock than formerly is raised. As a consequence the 
use of stock guards is being quite generally discontinued throughout the northern and 
eastern sections, usually by not making replacements. Farmers, as well as State and 
local authorities, have recognized the changed condition and little or no effort is made 
to enforce the legal requirements. 

In the southwest, and to some extent in the south, their use is continued, there being 
less fencing in these sections, and it seems to be generally felt that stock claims are 
thereby reduced and also that the possibility of accident is lessened. However, there is 
some difference of opinion as one correspondent who has discontinued the use of stock 
guards advises that the presence or lack of them made little difference in fixing liability 
for stock killed, and another that in several States it has been considered less expensive 
to pay the few claims presented than to maintain and renew the guards. On some of 
the southwestern lines use is confined to public crossings in localities where conditions 
require them and to the end of fenced sections of right-of-way, though some guards are 
maintained at private crossings at the request of landowners, and opposite fences divid- 
ing land of different owners. 

In Canada stock guards are required by law, the public is more insistent on its being 
enforced and their use is quite universal though the Railroad Commission has authority 
to relieve a railroad from compliance in specific cases on application. 

Most railroad engineers are familiar with the various types of stock guards and there 
appears to be little need for extensive detail descriptions. In general they are constructed 
of wood or steel or a combination of these materials and attached to the top surface of 
the ties, though in the southwest a few of the old pit guards remain. 

Wooden guards consist of hardwood slats of triangular section with one apex of the 
triangle at the top; or rectangular sections chamfered to an edge or set at an angle; the 
slats being separated by spacers or spools and bolted together to form sections; or of 
tapered wooden rollers fastened in a metal frame. The sections of either type are spiked 
to the top surface of the tie. 

There is greater variety in metal guards, some of which are placed upon the surface 
of the ties and others partly or wholly between the ties. Of the former the following 
kinds have been reported in use: 

(a) Flat steel plates about No. 8 gage punched to form fins or prongs which 
project above the surface. 
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(b) Strips of sheet steel either flat or buckled and similarly deformed, 

(c) Slats of flat steel bolted together similar to wooden slat guards and smooth 
or toothed on top edge, 

(d) Scrap structural angles welded to pairs of flat bars to form sections, 

(e) Discarded boiler flues. 

In the second group are — 

(f) Sections of “L” shaped sheet steel laid over the top of the tics and presenting 
a sloping surface to the animal. 

(g) Sloping steel plates toothed at the top and held in a frame placed between 
ties with a triangular wooden strip nailed along the top of the tie. 

All of these t5^es are said to be reasonably effective in preventing the passage of 
large animals, but some of them are less so with small stock, and there is likewise 
difference in the cost of maintenance. 

The Committee makes no recommendations with reference to use of the various 
types, there being now in the Manual a set of principles which quite fuBy cover the 
conditions which stock guards should be designed to meet. 

Recommendation 

It is the recommendation of your Committee that the report be received by the 
Association as information. 
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Exhibit B 

A.R.A. SIGNAL SECTION SPECIFICATION 15633. 

REFLECTOR UNITS 

1. Purpose 

(a) The purpose of this specification is to provide a reflector unit for reflector 
signs for railroad highway grade crossing protection. 

2. Tender 

(a) The tender shall be for apparatus meeting the requirements of this specification. 
If the Contractor wishes to vary from the specification, a tender may be submitted 
covering the apparatus he desires to furnish. This tender shall be accompanied by full 
information showing wherein the requirements of this specification are not met. 

3. Alternate Requisites 

(a) Alternate requisites section 15633 forms a part hereof. 

4. Material and Workmanship 

(a)* Material and workmanship shall be first-class in every respect. 

5. Type 

(a) The reflector units shall be in accordance with Purchaser’s requirements. 
*R-S-a. 

6. Lens 

(a) The lens shall be made of clear, practically colorless glass of uniform reflect- 
ing power. It shall be accurately formed and free from all defects which would affect 
its optical or physical properties. It shall be practically free from chromatic aberration 
when viewed within an angle of 30 deg. from its axis. 

(b) The lens shall be so designed that a light at any point within 30 deg. of the 
axis of the lens will be reflected to a point 40 in. above the source with satisfactory 
intensity. The source of light shall be an approved type of automobile headlight and 
shall be located 300 ft. from reflector unit. 

7. Reflector Unit 

(a) The reflector unit shall be of substantial design, accurately formed and con- 
structed for correct focus. *R-7-a. 

8. Mounting 

(a) The reflector unit shall be designed so as to enter the aperture in the face of 
sign from the rear and shall be held in a fixed relation to the face of sign with its 
axis normal to the aperture. 

(b) The reflector unit shall be so constructed that no metal of the reflector unit 
retainer or housing shall be exposed to view when the reflector unit is assembled in the 
sign. *R-8-b. 

9. Inspection 

(a) Purchaser may inspect material at all stages of manufacture. 

(b) Purchaser may inspect the completed product to determine that the require- 
ments of this specification have been met. 

(c) j If material has not been accepted at point of production and if, upon arrival 
at destination, it does not meet the requirements of this specification, it may be re- 
jected, and the Contractor, upon request, shall advise the Purchaser what disposition is 
to be made of the defective material. Contractor shall pay aU freight charges. 

(d) If Purchaser is to make inspection at point of production it shall be so stated. 

10. Tests 

(a) Tests may be made at point of production, or on samples submitted, and 
may also be made at destination. 

•Section 15633, Alternate requisites. 
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(b) Contractor shall give the Purchaser sufficient notice of time when material 
will be ready for testing. 

(c) Contractor shall provide, at point of production, apparatus and labor for 
making required tests under supervision of the Purchaser. 

(d) If tests are to be made at point of production, the Purchaser shall so state 
and also indicate which of the tests herein specified are to be made and what portion 
of the material shall be tested. 

(e) The following tests iall be made: 

1. Ability to resist corrosion. 

2. Integrity of sealing. 

(a) Immersion test. 

(b) Hydraulic pressure. 

(f) ‘ Sampling. 

1. One hundred reflector units will be selected by the Purchaser at random 

from a lot of at least 2500. 

2. From the group of 100 units, 25 will be selected at random for tests. 

11. Description of Tests 

(a) Salt-water spray (corrosion test). 

1. The complete reflector units as used in the sign shall be sprayed with 
a 20 j)er cent salt-water solution for 48 hours. Reflector units 
shall then be examined for evidence of corrosion; if any appear 
the lot represented by the samples shafl be rejected. 

(b) Additional tests shall be in accordance with Purchaser’s requirements. 
♦R-ll-b. 

12. Packing 

(a) Material shall be so prepared as to permit convenient handling and to pro- 
tect against loss or damage during shipment. 

13. Marking 

(a) Purchaser’s order, requisition and package number, name of Consignor, and 
name and address of Consignee, shall be plainly marked on outside of package. 

14. Warranty 

(a) Contractor shall warrant the material covered by this specifica^on to be free 
from defects in material and workmanship under ordinapr use and se^ce, his obliga- 
tion under this warranty being limited to making, at point of production, any j^rt or 
parts to replace those which diall be found, def^tive within two years after diipment 
to the Purchaser. This warranty shall not apply to any apparatus which shall have 
been repaired or altered in any way by anyone other than the Manufacturer thereof, 
so as to affect, in the Contractor’s judgment, its proper functioning or reliability, or 
which has been subject to misuse, negligence or accident. 

15633. Alternate Requisites 
R-5-a 

The reflector unit shall be of the | [ refraction t3q)e. 

R-7-a 

1. When the reflector unit is of the double refraction type it shall be accurately 
fitted to the lens and the two shall be sealed into a corrosion resisting retainer so as to 
form a joint that will prevent the admi^ion of liquid or gas between the reflector and 

2. When the reflector unit is of the single refraction tyi>e the reflector back^ 
shall consist of a heavy coat of metallc silver. It shah be hoinogeneous, evenly applied 
to the surface of the glass and be so fitted as to form an air-tight joint between it and 
the glass. The backing shall be such that it will prevent the admission of air or any 
foreign substance between it and the glass. Over the reflective backing shall be placed 

* Se<Jtion 1563S. Alternate requisites. 
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a protective backing of one heavy coat of metallic copper, and over this copper plate a 
coating of protective material which shall so seal the backing as to render it waterproof 
and air-tight. 

R-8-b 

When specified by the Purchaser, the reflector unit may be so constructed that not 
more than ^ in. of the retainer or housing shall be exposed to view when the reflector 
unit is assembled in the sign. 


R-ll-b 

1. When the reflector unit is of the double refraction type: 

(a) The reflector unit shall be alternately immersed for ten minutes in 

two baths of colored water, one at a temperature approximately 
33 deg. F., the other 170 deg. F. Repeat this alternate immer- 
sion ten times, after which the reflector units shall be examined 
for leakage. If leakage has occurred the lot represented by the 
samples shall be rejected. 

(b) ‘ The sealing between the lens and the cap of the reflector unit shall 

be such as to be water-tight under a hydraulic pressure of 10 lb. 
per square inch in colored water for a period of 1 minute. After 
the reflector units have been subjected to this test they shall be 
examineji for leakage. If leakage has occurred the lot repre- 
sented by the samples shall be rejected. 

2. When the reflector unit is of the single refraction type: 

(a) The backing shall not be affected by either 20 per cent salt-water 
solution at room temperature, fresh water at 170 deg. F. or a 
dry temperature of 170 deg. F. The backing shall be subjected 
to the salt water for a period of 24 hours and to the fresh water 
for a period of 4 hours immediately following the salt-water im- 
mersion and then kept at a dry temperature of 170 deg. F. for 4 
hours. The ’ protective coating shall be of such material and so 
applied as not to be readily rubbed off after the above tests have 
been made consecutively. If glass has cracked during the test or 
if reflective backing has been damaged, or if protective coating 
is readily rubbed off, the lot represented by the samples shall be 
rejected. 


DEFINITIONS 

Aberration, Chromatic. — A condition encountered when parallel rays of light impinged 
upon a prism or lens are grouped into different distinct colors due to the varying 
degree of refraction as between them. 

Reflector Unit. — A device designed to reflect, in the direction of the light source, a 
substantial amount of the light impinged upon it. 

Reflector Unit, Double Redaction, — ^A type of reflector unit in which the light to 
be reflected passes through and beyond the refracting medium thereby changing its 
direction when entering and again when leaving. 

Reflector Unit, Single Refraction. — ^A type of reflector unit in which the light to 
be reflected passes through but not beyond the refracting medium thereby chang- 
ing its direction only when entering. 


A.R.A. SIGNAL SECTION SPECIFICATION 15533. 
RAILROAD HIGHWAY GRADE CROSSING SIGNS 


1. Purpose 

(a) The purpose of this specification is to provide signs of various designs for 
railroad highway grade crossing protection. 
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2. Drawings 

(a) Purchaser’s drawings referred to in this specification form an essential part 
hereof. 

(b) Contractor shall furnish with his tender, drawings forming an essential part 
thereof. 

(c) Drawings forming an essential part hereof are as follows: 

1. 90 Deg. Cast Iron Cros^g Sign — ^Drawing 1640. 

2. Adapter Clamp for Crossing Sign — ^Drawing 1641. 

3. 90 Deg. Reflector Crossing Sign Assemblies — Drawing 1642. 

4. 90 Deg. Reflector Crossing Sign Details — ^Drawing 1643. 

5. Cast Iron Track Sign — ^Drawing 1644. 

6. Reflector Track Sign — ^Drawing 1645. 

7. Reflector Stop on Red Signal Sign — Drawing 1646. 

8. Adapter Clamp and Details for Signs— Drawing 1647. 

9. Reflector Stop When Swinging Sign — ^Drawing 1648. 

10. Reflector Crossing Signal Marker — Drawing 1649. 

11. Details of Numerals for Track Signs — ^Drawing 1650. 

12 

13 

3. Tender 

(a) The tender shall be for apparatus meeting the requirements of this specifica- 
tion. If the Contractor wishes to vary from the specification, a tender may be sub- 
mitted covering the apparatus he desires to furnish. This tender shall be accompanied 
by full information showing wherein the requirements of the specification are not met. 

4. Alternate Requisites 

(a) Alternate requisites section 15533 forms a part hereof. 

5. Material and Workmanship 

(a) Material and workmanship shall be first-class in every respect. 

6. Gray Iron Castings 

(a) Gray iron casting shall be in accordance with specification 1630. 

7. Sheet Steel 

(a) Sheet steel shall be corrosion resisting. The total amount of carbon, man- 

ganese, phosphorus, sulphur and silicon shall not exceed 0.70 per cent. If the totel 
amount of these five elements equals or exceeds 020 per cent the metal shall contain 
not less than 0.17 per cent copper and not more than 0.06 per cent sulphur. If the 

total of these five elements is less than 0.20 per cent and sulphur is not greater than 

0.04 per cent the presence of copper is optional. 

(b) The base metal shall be uniformly coated with a good quality of zinc and 

the surface of the coated metal shall be of such nature that the primer specified will 

adhere firmly. The zinc coating shall be applied by the hot dip process and heat- 
treated after coating in such a manner as to give a tight dull coat which will m>t peel? 
nor flake on the outside of a bend when bent down flat. The dull coated surface of 
the sheet shall have the characteristics of a matte and shall be free from bright or 
glossy spangle. 

8. Reflector Units 

(a) Reflector units shall conform to Specification 15633. 

(b) Reflector units, assembled in signs which carry a legend, djall be colorless. 

(c) Reflector units, assembled in marker sign which carries no legend, shall be 

canary yellow. . , « , , 

(d) Reflector units having an exposed diameter of 0.40 to 0.50 in. shall be used 

in letters 4 inches in height. Reflector units having an expos^ dmmeter of 0.590 to 

0.688 in. shall be used in letters and numerals 5^4 inches in hei^t and ako in marker 
sign. *R-8-d. 

* Section 15533. Alternate requisites. 
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(e) Reflector units shall be held in a fixed relation to the aperture with their 
axes normal to the face of sign. 

(f) Reflector units shall be held in position in front plate by means of an inter- 
mediate plate. The intermediate plate shall be readily removable and replaceable with- 
out the use of tools and when removed shall release reflector units. 

(g) - Reflector units shall project not more than %. in. outside of aperture. 

(h) A durable waterproofing gasket of non-corrosive material shall be used be- 
tween reflector units and front plate. 

9. Design, Sheet Steel Signs 

(a) The front, back, and intermediate plates shall be No. 16 U. S. Standard 
Gauge (0.0625 in.). 

(b) Reinforcing metal parts or supporting plates used in back of signs shall be 

inch in thickness. 

(c) The front and back of sign shall be flanged to a depth of not less than ^ in. 

(d) Flanges shall be welded at comers. 

(e) The front plate shall be slightly larger than the back plate so that it will 
freely telescope over the flanges of the back plate. 

(f) The front plate shall have the legend of the sign embossed upon it. The 
embossed numerals and letters shall be raised not less than 0.085 in. nor more than 
0.125 in. 

(g) ' The dimension, inside, between the front and back plates shall be such as is 
necessary to meet the requirements of this specification and the particular reflector unit 
assembled in the sign. 

(h) The front plate shall be attached to the back plate by bronze screws of 
special design which cannot be removed with an ordinary screw driver. If nuts are 
used they shall be so designed that they cannot be removed with ordinary pliers, 
wrench, or screw driver. 

10. Painting, Cast-Iron Signs 

(a) Painting shall be in accordance with Specification 12022. 

(b) Cast-iron signs shall be given a coat of red oxide metal primer. 

(c) Two coats of permanent white paint shall be applied over the priming coat. 
*R-10-c. 

* Section 1SS33. Alternate requisites. 

(d) Two coats of black paint shall be applied to letters and numerals. 

11. Enameling, Sheet Steel Signs 

(a) Metal shall be thoroughly cleaned in order to secure a perfect surface for 
painting. 

(b) One coat of suitable iron oxide primer of the long oil type shall be applied 
to all surfaces. 

(c) Subsequent to the priming coat on signs bearing a legend, all surfaces shall 
be given three coats of black eggshell finish high grade synthetic enamel. *R-ll-c. 

* Section 15533. Alternate requisites. 

(d) ‘ Subsequent to the priming coat on marker sign bearing no legend, all sur- 
faces shall be given three coats of semi-gloss permanent lemon yellow high grade syn- 
thetic enamel. 

(e) Three coats of semi-gloss permanent white high grade synthetic enamel shall 
be applied to the embossed portion of the sign. 

(f) Materials used in the enamel shall be such that premature chalking will not 
take place. Each coat shall be thoroughly dry before subsequent coat is applied. 

(g) The fin^hed design shall be clear cut and sharp and the lines even and true. 

(h) The fiiiish produced on the .signs shall be a tough flexible coating, free from 
cracks, shrinkage, wrinkles, blisters, or other blemishes and shall withstand the following 
tests: 

1. The finish shall not chip nor flake when tested with the point of a knife. 

\ The finish shall withstand a gasoline test made by rubbing with a clean white 
rag soaked in gasoline. 

3. The finish shall possess such elasticity and adhering qualities that it will not 
crack nor separate from the sign when struck a light blow with a hammer. 
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12. Identification 

(a) Inside of sign shall be plainly marked with name of Manufacturer. 

13. Inspection 

(a) Purchaser may inspect material at all stages of manufacture. 

(b) Purchaser may inspect the completed product to determine that the re- 
quirements of this specification have been met. 

(c) If material has not been accepted at point of production and if, upon arrival 
at destination, it does not meet the requirements of this specification, it may be re- 
jected, and the Contractor, upon request, shall advise the Purchaser what disposition is 
to be made of the defective material. Contractor shall pay all freight charges. 

(d) ‘ If Purchaser is to make inspection at point of production it ^all be so stated. 

14. Tests 

(a) Tests may be made at point of production, or on samples submitted, and 
may also be made at destination. 

(b) Contractor shall give the Purchaser sufficient notice of time when material 
will be ready for testing. 

(c) Contractor shall provide, at point of production, apparatus and labor for 
making required tests under supervision of the Purchaser. 

(d) If tests are to be made at point of production, the Purchaser shall so state 
and also indicate which of the tests herein specified are to be made and what portion 
of the material shall be tested. 

15. Packing 

(a) Material shall be so prepared as to permit convenient handling and to pro- 
tect against loss or damage during shipment. 

16. Marking 

(a) Purchaseris order, requisition and package number, name of Consignor, and 
name and address of Consignee, shall be plainly marked on outside of jmek^e. 

(b) Detail list of loose pieces, containers and their contents shall be furnished for 
each shipment. Where carload shipments are made, routing and car kientification shall 
be shown. 

(c) Where carload shipments are made, name and address of Consignee may be 
omitted. 

17. Warranty 

(a)‘ Contractor shall warrant the material covered by this specification to be free 
from defects in material and workmanship under ordinary use and service, his obliga- 
tion under this warranty being limited to making, at point of production, any ^rt or 
parts to replace those which shall be found defective within two years after shipment 
to the Purchaser. This warranty shall not apply to any apparatus which shall have 
been repaired or altered in any way by anyone other than the Manufacturer thereof, 
so as to affect, in the Contractor’s judgment, its proper fimctioning or reliability, or 
which has been subject to misuse, negligence or accident. 

15533. Alternate Requisites 
R-8-d 

When specified by the Purchaser, reflector units having an exposed diameter of 
0.400 to 0.563 in. may be used in letters 4 inches in height; reflector units having an 
exposed diameter of 0.562 to 0.688 in. may be used in letters and numerals 554 inches 
in height, also in marker sign, but those used in 4 in. letters shall be smaller than 
those used in 5^4 in. letters, numerals and marker sign. 


R-lO-c 

When specified by the Purchaser, a % in. black border may be used. 


R-ll-c 

When specified by the Purchaser, a ^ in, white border may be used. 

A 
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To the American Railway Engineering Association: y. 

Your committee respectfully presents herewith report covering the following sub- 
jects: 

1. Revision of Manual. No changes are recommended. 

2. Preparation of Specifications for Railway Buildings (Appendix A). It is 
recommended this subject be reassigned for continued study. 

3. Remodeling freight houses for accommodation of truck door-to-door delivery 
of freight, collaborating with Committee XIV — ^Yards and Terminals (Appendix B). It 
is recommended that this subject be reassigned. 

4. Bus terminal buildings, isolated and in conjunction with railway stations, 
collaborating with Committee XIV — ^Yards and Terminals (Appendix C). It is rec- 
ommended that this subject be reassigned. 

5. Application of stainless and rust-resisting steels to building construction (Ap- 
pendix D). It is recommended that this subject be reassigned. 

6. Vermin and rat-prpofing buildings (Appendix E). It is recommended that 
this subject be reassigned. 

7. Modem methods of heating small railway buildings showing compara.dve 
vantages of warm air, hot water, steam and possibly fan unit systems (Appendix F). 
It is recommended that the report on this subject be received as information and the 
subject be discontinued. 

8. Design and construction of modem fmit and produce terminal buildings, 
collaborating with Committee XIV — Yards and Terminals (Appendix G) . It is 
recommended that report on this subject be received as information and the subject be 
discontinued. 

9. Relative merits of wood and fireproof roof structures which should include 
wood, hollow tile fireproofing, concrete and cement the, etc. (Appendix H). It is 
recommended that this subject be reassigned. 

10. Use of materials other than brick, stone and cement in exterior and interior 
walls, partitions, floors and ceilings of buildings with a view to: 

(a) Fire resisting qualities. 

(b) Less space occupied by materials of construction. 

(c) Better heating conditions. 

(d) Quieter interiors. 

(e) Reduction in size and weight of framework and enclosures. 

(f) General reduction in cost of construction (Appendix I). 

It is recommended that report on this subject be received as information and the 
subject be discontinued. 

11. Causes of dust explosions in grain elevators and methods for obviating the 
hazard (Appendix J). It is recommended that this subject be reassigned. 

Respectfully submitted, 

The Committee on Buildings, 

A. L. Sparks, Chairman. 

Bulletin 354, February, 1933. 
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Appendix A 

(2) PREPARATION OF SPECIFICATIONS FOR RAILWAY 

BUILDINGS 

F. R. Judd, Chairman, Sub-Committee; E. L. Haberle, A. C. Irwin, O. M. Rognan. 

The Committee submits for publication in the Manual, Specification for Hydraulic 
Elevators — Baggage or Freight — previously published in the Proceedings as part of Ap- 
pendix D, Section 28, pages 121S to 1224, both inclusive, of Bulletin 323, and Vol, 31, 
Proceedings, 1930. 

The Committee also submits for publication in the Manual, subject to the following 
revisions, Specifications for Steel, Brick and Reinforced Concrete Chimneys, with ad- 
denda for draft gages, pyrometer and lightning protection, all as previously published in 
the Proceedings as Appendix A, pages 406 to 424, both inclusive, of Bulletin 343, and 
Vol. 33, Proceedings, 1932. 

The revisions are: 

1. Steel Chimney Specifications, page 407, Unit Stresses, add the words “lb. 
per sq. in.” after the unit stresses given in the table for concrete in com- 
pression and shear, also reinforcing steel in tension and bond. 

2. Reinforced Concrete Chimney • Specifications, page 41S, Unit Stresses, omit 
the words “lb. per sq. in.” which appear after the ratio moduli of elas- 
ticity. 

Insert after the words “Ratio moduli of elasticity,” the words “for 2000 
lb. concrete” and immediately below this line insert another line reading, 
“Ratio moduli of elasticity, for 3000 lb. concrete. .10.” 

The following specification. Section 29, Electrically-Operated Freight or Baggage 
Elevators, has been prepared and is submitted at this time for publication in the Pro- 
ceedings as information and for criticism. 

The Committee is holding in abeyance for further criticism and consideration 
Specifications for Asphalt Impregnated Felt Roofing over Wood or Pre-cast Gypsum 
and over Concrete or Poured Gypsum, Section 10-D, Types D-1 and D-2 respectively, 
which were published in Bulletin 323. 

The Committee now has in course of preparation Specifications for Wood Door and 
Wood and Metal Frame, Window Screens, and two additional Specifications for Asphalt 
Impregnated Asbestos Felt Roofing to be submitted at a later date. 

Your Committee has been approached by the Wrought Iron Industry and also by 
the Brick Manufacturers’ Association regarding the preparation of additional chimney 
specifications, which would permit the use of wrought iron and reinforced brickwork to 
be used as an alternate to steel and brick chimneys. The action to be taken in response 
to this request is being considered by the Committee. 

SPECIFICATIONS FOR RAILWAY BUILDINGS 

Section 29 

ELECTRICALLY-OPERATED FREIGHT OR BAGGAGE ELEVATORS 
1. General 

The Contractor shall furnish all labor, materials, tools and equipment to entirely 
complete the electrically-operated freight or baggage elevator system as hereinafter speci- 
fied and as indicated on drawings. 

The Contractor shall furnish and install under his lump sum price — cars, car covers, 
doors, guides, counterweights, hoisting machinery, machinery supports, car safeties, con- 
trol panel, operating switch, signal system and all other equipment necessary to make a 
complete and finished system in running order, as herein described and specified. 
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2. Checking Drawings 

The Contractor shall check all drawings of his own work and of work with which 
his work engages. He shall report all discrepancies before starting the work, and no al- 
lowance will be made for such errors and discrepancies after the work has been ^rted. 
The Contractor shall submit a layout of the system and complete details of all parts 
showing equipment to be installed. Drawings shall conform to rules and regulations of 
the local and state authorities, and, if necessary, be submitted to such authorities for 
approval. 

3. Laying Out Work 

Dimensions on drawings shall be verified on the site of the work by the Contrac- 
tor, and he shall assume aU responsibility for their accuracy. 

4. System 

The system shall consist of traction type elevator and 

shall be provided with the necessary equipment to meet the requirements hereinafter 
specified: 

Each elevator shall be installed in hatchway shown on accompanying drawing. Each 

elevator shall lift a load of pounds ( ), exclusive of the 

weight of the car, at a speed of feet ( ) per minute. The 

capacity shall be shown in large letters in a prominent position on the car. The travel 

of the car platform shall be feet ( )■ which distance is between 

and which are the lower and upper terminals. 


5. Car Platform 

The car platform shall be of first grade maple supported on a steel frame, shall 
measure at least feet ( ) long overall, and shall be de- 

signed for a load of 200 lb. per sq. ft. The sides shall be protected with extra strong 
rigid guards of U.S. gauge No. 12 steel plates and 2-inch angles to a height of at least 
8 feet. Clearance between car platform and underside of head beam shall be not less 
than eight (8) feet. 

Upon the steel stringers of platform shall be laid a heavy yellow pine floor upon 
which shall be laid tongued and grooved and matched inch maple flooring laid so 
that trucking will be in direction of grain so arranged that the maple flooring may be 
easily renewed. The flooring shaU be protected underneath with No. 12 U5. gage sheet 
metal. 

6. Car Cover 

The car cover shall be constructed of steel wire mesh not larger than inches by 
3 inches on a reinforced frame. The wire shall be No. 9 U.S. standard gage or larger. 
The car cover shall be set back 6 inches from the ends of the hatchway, and equipped 
with hinged sections at entrance ends at least 18 inches from the edge of the car. 


7. Car Frame 

Car frame shall be of wrought iron or steel, and be capable of witotanding with- 
out undue distortion any stress that may be induced, either by eccentric loading or by 
the action of the buffers. 

Guide shoes shall be provided to insure quiet running. The loading end of the plat- 
form shall be provided with a heavy angle or channel iron nosing designed to withstand 
loading of 200 Ib. per sq. ft. 
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8- Hatchways and Shaft Enclosure 

The size of the hatchway and shaft enclosure shall be as shown on drawing but 
some slight modification may be made if the Contractor should consider it necessary. 
Contractor shall state in his proposal whether or not such changes will be necessary. 
The hatchway and shaft enclosure will be constructed by another contractor, but the 
elevator contractor shall submit drawings of the apparatus he proposes to furnish with- 
in one week after he has received notification to commence work, showing details of 
openings or other items which he will require. He shall also show the space required for 
elevator doors, guides, counterweights, hoisting machinery, control board and all other 
apparatus requiring additional space, including the space required for over-run, and pit 
dimensions required in locality where elevator is to be installed. 

9. Hoisting Machine 

The hoisting machine shall be of the worm gear traction type with heavy bed plate 
for overhead installation. The worm and shaft shall be forged in one solid piece and the 
gear shall be phosphor bronze shrunk on and securely bolted to the driving spider, The 
worm and gear shall run immersed in oil and free from vibration. The thrust bearings 
on the worm shall be of the ball bearing type. The driving sheave shall be’ grooved ior 
the required number of ropes. All bearings on the machine shall be lubricated by means 
of a satisfactory lubricating system. Bearings of the self-oiling type, either oiled by 
means of chain or ring oilers or by means of a splash system will be given preference. 
A magnet brake, spring actuated, shall be provided on the worm shaft of sufficient power 
to start and hold the car under any possible service. The brakes shall be instantly ap- 
plied when released by the magnet, the circuit of which shall be opened by the limit stops 
at both limits of travel, by the safety switch on the car, by the overload circuit breaker 
governor switch, or when the car is being stopped in ordinary service stops. 

The motor used on the hoisting machine .shall be of make or 

approved equal, of ample size to operate the elevator under full load and speed for two 
continuous hours without exceeding a temperature rise of 40 degrees Centigrade above 
the surrounding temperature. This hoisting machine shall be designed in accordance 
with good engineering practice and shall be mounted on steel beams provided by this 
Contractor. 

10. Overhead Sheaves 

If overhead deflector sheaves are required, they shall be of design to be pressed on 
shaft and shaft shall be provided with self-aligning babbitted bearing boxes. The lubri- 
cation of these bearings shall be in conformity with the method used on the hoisting 
machine. 

11. Lifting Cables 

Lifting cables provided in connection with this installation shall be of ample size for 
the .support of the car and counterweight. Equalizer shall be provided to equalise the 
tension on the cables. These cables shall be of special traction type as manufactured by 
the Company, or approved equal. The number of lift- 

ing cables, together with the specifications of same, shall be included in the proposal 
submitted by this Contractor. 

1 2. Counterweights 

Suitable counterweights shall be provided for this installation, these counterweights 
to be of sufficient weight to compensate for the weight of the car, plus 40 per cent of its 
rated capacity. Counterweights shall be of sectional cast iron set in structural steel 



B uildings 


68S 


frame provided with suitable guide shoes and they shall be designed in accordance with 
good engineering practice. 

13. Guide Posts and Guides 

The guide posts shall be tees of open-hearth steel, machined or die drawn, uniform, 
straight and finished, connected by tongued and grooved matched joints, battened with 
heavy fish plates with through bolts. They shall be so arranged and planed as to pro- 
vide rigid guides with smooth sliding surfaces. The minimum weight of guide posts 
acceptable for the car shall be pounds per linear foot and the counter- 
weight pounds per linear foot. The car guides ^all be stiffened by 

channel iron bolted to the guides by fitted bolts, and necessary backing and supports 
for guides shall be furnished and installed. All guides shall be anchored by steel brackets 
embedded in shaft walls during construction, or brackets fastened by through bolts. The 
maximum distance between guide supports shall be ten (10) feet. Contractor shah show 
on detailed drawings, submitted for approval, method of supporting guides. 

14. Control 

The control shah be of the semi-magnet type controller equipped with circuit break- 
er and reverse phase and phase failure protection. This controller shall be of make 

manufactured by Company, or approved equal. This control 

shall be operated by hand rope control. 

15. Operating Device 

Car swdtch shall be provided if elevator travels a greater distance than three floors. 
Elevators travelling three floors or less may be equipped with hand rope control con- 
sisting of 54 -inch wire thler rope provided with button stops which shall automatically 
bring the car to a stop at the upper and lower limits of travel. If hand rope control is 
used, it is to be located at the outside of the side guards, and it is to be protected to the 
height of a baggage truck. Hand rope control is to be provided at both ends of the car. 

Efand rope is to be constructed of phosphor bronze of of approved 

make. A framed set of prints showing the full wiring connections shall be provided in 
the pent house. 

16. Buffers 

The car platform at the lower terminal shall be sustained upon buffers of springs or 
oil compression type of proper strength and stroke for speed specified. Contractor shall 
state in his proposal what type of buffers he proposes to furnish. 

17. Elevator Doors or Gates 

Elevator doors shall be designed to close the entire opening in the shaft enclosure 
and gliflll be as wide as the distance between car guards. Each door shall be in two s^- 
tions, constructed of No. 10 U.S. gage steel plates riveted to 154-mch angle frame with 
two cross braces of tees. Door guides shall be of steel well anchored to the 

shaft enclosure. Each doorway shall be equipped with an approved type of trucking 
plate. 

Elevator doors at the top and bottom landings shall be full automatic, that is, they 
^all open as the car approaches and dose as the car departs. At the intermediate land- 
ings the doors shaU be semi-automatic, that is, they shaU be opened by hand and dose 
automatically. Both sections of the doors shall lower below the floors into the shaft or 
pit, unless the shaft design permits half of the door to rise and the other half to lower 
in the shaft. Contractor shall furnish and install aU necessary equipment for doors and 
shaU submit for approval detail drawings showing construction and method of operarion. 
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18. Governor and Safety Device 

Elevator shall be provided with safety device on the car of proper construction to 
stop and hold the car under full load and speed. This safety device shall be actuated by 
a governor located over the hatchway. The governor is to be equipped with wire cable 
and it is to be designed to operate in accordance with good engineering practice. 

19. Limit Switches 

Limit switches shall be provided at both top and bottom of the hatchway, de- 
signed to stop the car at both limits of travel. 

20. Safety Switch 

Safety switch with hand reset shall be provided either on the safety device or over- 
head governor to interrupt the circuit and apply the brake whenever safety device is 
placed in action. 

21. Foundations and Supports 

Steel beams required for the support of the overhead machinery shall be provided 
by the Contractor. He shall also provide a 3-inch tongued and grooved plank flooring 
e^'tending the entire area of the pent house. If necessary, this flooring is to be pro- 
vided with a trap door to permit access to the machinery. 

22. Lubricators 

Automatic lubricators are to be provided for the lubrication of the car and counter- 
weight guides. 

23. Screens and Ladders 

There shall be provided under the overhead sheaves a suitable wire mesh screen 
capable of supporting a minimum weight of 500 pounds. If necessary, there shall also 
be provided a steel ladder constructed of flats and rounds extending from the high point 
of the car cover to the pent house floor. 

24. Electrical Equipment 

The electrical equipment shall be designed to suit the current which will be de- 
livered to the service box in the building and this Contractor shall make the necessary 
connections to this point. The current available at this location shall be ascertained by 
the Contractor. All material furnished shall be subject to the approval of the Electrical 

Engineer before final acceptance. The motors to be furnished shaU be of 

make, or approved equal. Automatic switchboard to be furnished shall be of 

make, or approved equal. Contractor shall include in his proposal the 

manufacturers’ names and catalog numbers of all electrical material he proposes to use 

in this installation. Wiring to be used on this installation shall be 

as mamjfactured by the or approved equal. Conduit shall be 

, or approved equal. Safety switches shall be of the latest im- 
proved type of make, or approved equal. All wiring shall 

conform to the requirements of the National Board of Fire Underwriters. All starters 
and regulators shall be fully enclosed in steel cabinet equipped with swing doors and 
suitable lock. 

25. Signal System 

A suitable method of signaling shall be furnished and installed by the Contractor. 
This signal system shall consist of electric bells, one located at the upper landing and one 
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34. Guarantee 

The Contractor hereby guarantees all material, workmanship and the successful 
economical and safe operation of the elevators for a period of twelve months after the 
completion of same, and agrees to repair or replace at his own expense any part of this 
apparatus which may show defects during that time, provided such defects are, in the 
opinion of the Engineer, due to imperfection in material or workmanship, as sjpecified, 
and not caused by carelessness or improper operation. He guarantees also that each of 
the elevators will be capable of lifting the live load specified herein, exclusive of weight 
of car, at the specified speed. The checking and approval of shop drawings by the Rail- 
road Company, or any omission in these specifications or the drawings accompan 3 dng 
same, do not relieve the Contractor of his obligation to install the elevators complete in 
every respect, and to fulfill his guarantee. 

35. Inspection 

The Contractor shall furnish at his own expense necessary certificates of inspection 
for the entire elevator plant put in under these specifications good for twelve months 
from date of final certificate from the Engineer. 

36. Final Inspection and Test 

At the completion of the work the Contractor shall test the elevator and shall ar- 
range for final inspection. The test shall be made during the final inspection and shall 
consist of subjecting the elevator plant to 60 minutes running as in service conditions 
with the loads and speeds hereinbefore set forth, and shall consist of such other tests 
as may be deemed necessary by the Engineer to show compliance with these specifica- 
tions. These tests shall be made by and at the expense of the Contractor, and under 
the direction and supervision of the Engineer. The Contractor shall furnish all the labor, 
instruments and weights necessary to make these tests. 

37. Laws and Ordinances 

Contractor shall be solely responsible for any violations of laws or ordinances and 
all workmanship and material shall comply in all respects with requirements of such 
laws. He shall save the Railroad Company free and harmless from any penalty attach- 
ing to the violation of any legal regulations affecting his work and all such regulations 
are hereby incorporated as a part of these specifications. If there are any conditions 
shown on the drawings or mentioned in the specifications that conflict with Federal, 
State, City, or Municipal laws and ordinances, the Contractor shall so state in a letter 
accompanying his proposal. Failure to call the Railroad Company’s attention to any 
discrepancies shall make the Contractor liable for any expense encountered in complying 
with aforementioned laws and ordinances. 

38. Cleaning 

At the completion of the work, the Contractor shall remove all construction equip- 
ment, scaffolding, staging, erection platforms and all surplus material from the premises, 
leaving the premises in a clean and acceptable condition. If any equipment or debris 
is not removed promptly, such material may be removed at the expense of the Con- 
tractor. 

39. General Conditions 

All materials entering into the work and all methods used by the Contractor shall 
be subject to the approval of the Engineer, and no part of the work will be considered 
as finally accepted until all of the work is completed and accepted. 

Tile general conefltions given in Section 1 of this specification shall be considered to 
apply with equal force in this section, of the specification. 
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Appendix B 

(3) REMODELLING FREIGHT HOUSES FOR ACCOMMODATION 

OF TRUCK DOOR-TO-DOOR DELIVERY OF FREIGHT 

A. C. Copland, Chairman, Sub-Committee; A. L. Becker, R. E. Mohr, E. A. Harrison. 

Members of Sub-Committee have conferred with members of Committee XIV 
and wish to report progress, and request that subject be re-assigned for further study. 

Appendix C 

(4) BUS TERMINAL BUILDINGS, ISOLATED AND IN CONJUNC- 

TION WITH RAILWAY STATIONS 

O. G. Wilbur, Chairman, Sub-Committee; C. L. Wenkenbach, E. W. Niblet, J. W. 
Orrock. 

The Sub- Committee has collected some information, but desires that subject be 
continued for further study. 

Appendix D 

(5) APPLICATION OF STAINLESS AND RUST RESISTING STEELS 

TO BUILDING CONSTRUCTION 

J. W. Orrock, Chairman, Sub-Committee ; F. B. Doolittle, Hugo Filippi, A. B. Stone. 

The Committee reports progress and desires that subject be reassigned for further 
consideration. 

Appendix E 

(6) VERMIN AND RAT-PROOFING BUILDINGS 
A. H. Morrill, Chairman, Sub-Committee; Hugo Filippi, A. C. Irwin, W. T. Dorrance. 

The Committee reports progress and desires the subject be re-assigned for further 
study. 

Appendix F 

(7) MODERN METHODS OF HEATING SMALL RAILWAY BUILD- 
INGS, SHOWING COMPARATIVE ADVANTAGES OF WARM 
AIR, HOT WATER, STEAM AND POSSIBLY FAN-UNIT SYSTEMS 
Eli Christiansen, Chairman, Sub-Comffiittee; F. L. Riley, W. T. Dorrance, C. D. Horton. 
Introduction 

We are sometimes confronted with unusual heating problems for small railway 
buildings where steain connections cannot be made with central power plants and 
where, in some cases, the possibility of large fire loss, the restricted space, inaccessible 
location or Other conditions make undesirable the use of individual coal-fired boilers 
or fumaOes. In other cases operating conditions may make unusual types of heating 
apparatus necessary. 

Much progress has been made in the last ten years and is still being made in the 
e&dency and convenience of heating apparatus. Although the Cost of fuel is one of the 
major iteins of railway operating expense, it should not necessarily be the controlling 
factor in the selection of small heating plants, for the unit cost is generally low, so 
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that total fuel cost for small plants may be relatively unimportant as compared with 
the cost of labor for tending the fire and for maintenance. 

Then, too, uniform heat provides for greater efficiency of employees and fewer lay- 
offs for colds and sickness. In railway stations, the comfort of passengers and shippers 
will go a long way toward molding public sentiment and creating good-will. 

Many factors should be considered in selecting the type of heating apparatus ; among 
which are such items as: 

1. Volume of space to be heated. 

2. Kind of fuel most easily available. 

3. Heater accessible or inaccessible to public. 

4. Whether to be fired by janitor or others. 

5. Whether or not space is available for fuel and ash storage. 

6. Unsightly and unsanitary condition produced by stoves. 

7. Risk of fire from overheated fire bowls, stove pipes, or chimneys. 

8. Whether or not heat is to be maintained day and night. 

9. Whether a uniform heat throughout the day and night or a quick hot 

temperature is required. 

Heating apparatus for small buildings may first be divided into three general 
classes: 

(A) Individually coal fired stoves or heaters, operated by the occupants of 
the room in which the heater is located. 

(B) Systems heated with furnaces or boilers fired by janitors or regular 
attendant. 

(C) Electric, gas or oil-burning heaters regulated automatically without at- 
tendant. 

CLASS A 


Notwithstanding the progress made in recent years, the heater most commonly 
used in small railway buildings today is the same three piece cast iron stove used forty 
years ago. This is no doubt due to low first cost, simple construction, replacements for 
which may be cast in railroad foundries, and due to the fact that such equipment does 
not require skill for either operation or maintenance. 

For switchmen’s shanties, hump riders’ houses and other places where a quick hot 
fire is desirable to warm men constantly dodging in and out of bitter cold weather, 
probably no better method has yet been devised. 

For the comfort and accommodation of the traveling public who are accustomed to 
much different systems at home and in their places of business, such stoves are inappro- 
priate, when more efficient equipment can be had at less operating expense. 

Where stove heat is desirable, the modem base burner or circulating heaters are 
highly dffident as compared with the older types and require much less fuel and less 
frequent attention. These stoves have heavy cast iron fire pots and domes are enclosed 
in an outer casing of steel or enameled iron so arranged as to draw cold air from the 
floor at the bottom, and expel warm air through openings at the top, thus creating a 
constant circulation and heating of the air in the room. Care should be taken to 
select stoves of ample size so that only in the coldest weather will it be necessary to 
keep the drafts open. 

Though this type of heating system may be installed and operated at low cost per 
unit, it has its limitations and when two or more stoves are required for the same 
building, a furnace or boiler generally costs less for operation. 

In railway stations the unsightly appearance is often objectionable. 

It is difficult to keep coal and ashes off waiting room floors especially where it is 
possible for patrons to open fire or ash doors. There is also danger of children being 
burned and danger of irresponsible persons pulling fire out on to floor and setting fire 
to the building. 
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There is also danger of stove pipes becoming overheated when drafts are opened 
and neglected. Building fires are sometimes caused by overheated fire bowls, bursting 
and letting fire fall out. 


CLASS B 

Class B includes warm air furnaces, steam and hot water systems. 

Warm Air Furnaces 

The various classes of warm air furnaces can be divided into the warm air fur- 
nace with hot air outlet and single recirculating duct, and the warm air furnace with hot 
air supply and return ducts to the various rooms. The warm air furnace with angle 
hot air outlet and return is suitable for small buildings, arranged to permit free circula- 
tion of air from the furnace to all parts. 

, The warm air furnace with hot air supply and return ducts to the various rooms 
is more expensive than the other type of heater, but has the advantage of supplying 
heat to separated rooms and furnishes a more positive method of control by adjustable 
registers in each room. Any of these types of heating can be combined with the use 
of a water jacket and the installation of a small amount of direct radiation to rooms 
at remote distance from the furnace, which are the hardest to heat. The construction 
cost of a hot air heating system is ordinarily less than for steam or hot water and the 
hot air furnace lends itself better to the installation of evaporators for increasing the 
humidity. 

In some systems, air is taken from the outside, as well as from the iiside of the 
building, providing both heat and ventilation. The greatest disadvantage is that the cir- 
culation depends upon natural draft; i.e., it depends on the difference in wei^t between 
the air inside the flues and the air outside of the flues, so that the force providii^ the 
circulation in the flue is always small, making it difficult to heat rooms at a great dis- 
tance from the furnace on the windward side, limiting the horizontal flues to a distance 
of not to exceed 15 feet. 

The method of controlling heat distribution in a warm air system is not as poative 
as with steam or hot water, and there is an objectionable amount of dust, a^es and 
gases circulated to the spaces heated. However, one decided advantage over steam is 
that even though the plant has been banked, there is always a little heat being carried 
to the various rooms during the night providing for a more gradual drop in temperature 
than with steam. 

In buildings used for offices or where a number of people are employed, humidity is 
an important consideration, as it lowers the temperature at which work may be done in 
comfort, increases the efficiency of the occuppts, and decreases the time lost due to 
illness. 

In small buildings, furnaces with certain refinements such as electric fan for pro- 
moting circulation, improved evaporators for controlling humidity and better con- 
structed combustion chamber for reducing circulation of dirt and gases, promfee to be- 
come more popular and offer advantages in the control of humidity over steam or hot 
water heating systems, with radiators in each room. 

Steam Heating Systems 

This type of heating has been in general use for many years and gives very good 
results. These systems cost more than either stoves or furnaces, but afford more i>osi- 
tive method of heat circulation than either stove, furnace or hot water boikr, unless a 
circulating pump is used on the hot water system which would not ordinarily be justified 
in a small building. 
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From a standpoint of ventilation direct steam heating without other means of ven- 
tilation is not as desirable as Warm air furnace. Mechanically, however, it has many 
advantages as the modern radiator is easily adaptable to almost any location in the 
room and is not easily affected by winds. The circulation is positive and a distant 
room can be as easily heated as a room cIos6 to the boiler. There are several types such 
as one-pipe gravity and two-pipe gravity vacuum vapor and other combinations, in- 
cluding direct radiation, indirect radiation, etc. This system by thermostatically con- 
trolled valves at the radiators can be made to maintain almost any desired room tem- 
perature. But this form of heating does not offer as satisfactory method of controlling 
the building temperature at the boiler as the hot water system; however, with the use of 
vapor specialties, the system can be operated at very low pressures and the temperature 
of rooms controlled by valves at each radiator which regulate the flow of low pressure 
steam. Vapor systems make use of steam at pressures slightly higher than atmosphere, 
and in some cases below. 

• A well designed steam heating system developes from 60 per cent to 70 per cent of 
heat in fuel. 

■I 

Hot Water Heating Systems 

This type is quite similar to steam, but the heating medium being at a lower tem- 
perature, requires more radiating surface. It has some of the advantages of steam 
and' other advantages that steam heating systems do not have. Due to the larger size 
pipe necessary, the first cost is somewhat greater, but they are more efficient due to 
the fact that a unifonri temperature of water is more easily maintained. There are a 
number' of different types of hot water heating systems; such as direct hot water, up 
feed, one-pipe system, and also overhead system pressure or closed system, as well as 
open systems of hot water heating. 

This type of heating is in some ways better than steam because temperature radiat- 
ing surfaces can be easily controlled and can be anywhere from room temperature to 

190 deg. or even higher in certain forms of hot water systems. 

As to efficiency, this type is practically the same as steam, as it develops 60-70 per 
cent of the heat in fuel. One of the disadvantages in comparison to steam is that 

it cannot be made to respond as quickly to sudden changes in demand for heat. 

Combination and Indirect Systems 

Systems utilizing steam and hot water with natural circulation of cold air around 
warm radiators have the advantage over hot air that each room has a separate source 
of heat, the system is not so easily affected by wind, no dust or gas is carried to various 
rooms, and the source of heat is independent of position of boiler. This type is used for 
either steam or hot water with almost equal advantage, except in the case of water care- 
ful installation is required so the circulation is not stopped, resulting in frozen radiators. 

Oil and Gas Fired Heating Plants 

Oil and gas are adaptable to all forms of heating (stoves, furnaces or boilers). In 
localities where available at reasonable costs, they should be more desirable, are cleaner, 
require less attendance and tend’ to labor-saving, eliminate disposal of ash and make for 
much neater and cleaner room. 

In. selecting an oil burner, care should be taken to select one that is adaptable to 
the boiler so as to be able to use a reasonably cheap grade of oil, No. 3 or below. It 
shordd be ^ fully automatic as possible with simplicity of adjustment. Ordinarily, oil is 
cheaper than gas, except in locations near natural gas fields. 



Buildings 


693 


CLASS C 

Automatically controlled heating systems, which require no janitor or special at- 
tendant, may include unit fans heated with steam from a central boiler plant, unit fans 
heated with gas or electricity, electric heaters, direct fired gas heaters, and direct fired oil 
heaters. 

Fan Units 

Fan units have been used for sometime very successfully. They are operated elec- 
trically, using steam for radiation, and in some cases electric resistance. Where large 
spaces are to be heated, it can be done/ more economically with unit steam heaters than 
with radiators. 

The all-electrical type is more costly to operate but is very convenient for places 
where it is not practicable to install a boiler. The heat output of unit heaters is ordi- 
narily regulated by thermostat control of the motor, steam pressure being allowed to re- 
main on the heating element at all times, except when steam is cut off entirely. 

A good arrangement in buildings with high ceilings is to control the flow of steam to 
the heater by automatic control valves and permit the fan to run continuously in otder 
to reduce the accumulation of excess heat in the area above the working zone. In in- 
stallation where steam pressure is lowered for use in unit heaters by passing through a 
reducing valve, the heating element should be designed for a working pressure not lower 
than the initial pressure before passing through the reducing valve due to possibility of 
the full pressure being applied. In a small heating system, care should be exercised in 
selecting size of unit heater and determining method of control as a few large units 
with fan control only would cause the boiler load to fluctuate too much. 

There are some disadvantages in this form of heating due to the noise of the fan, 
but in such small units as would be required for small railway buildii^ probably this 
could not be considered a very serious disadvantage. There are fan units built of stand- 
ard type cast iron radiators, with fan blowing between the sections. These radiators 
can be installed in enclosed cabinets directly on the floor. There is abo a new form of 
unit heater which is entirely electrical and does not require steam. This form of heat- 
ing has considerable advantage over all other forms, especially for the heating of small 
areas, where open fires are not permissible and where other kinds of fuel could not be 
handled. 

Direct Fired Gas and Oil Heaters 

Gas steam radiators are used in small buildings in the natural gas belt and are suc- 
cessful where proper ventilation is provided and where heaters are connected to flues 
for discharge of fumes. Special care must be used in extreme cold weather to keep 
radiators from freezing when not in use. 

Gas fiired circulating heaters and oil fired drcuiating heaters using kerosene, or 
light oils are becoming popular in some localities e^>ecially in southern territory where 
the heating season is not long and where heat is sometimes required for only a few 
hours each day. These heaters are made in several stock patterns and sizes, capable of 
delivering from 20,000 B.T.U. to more than 100,000 B.T.U. per hour. 

Being easily equipped with automatic thermostatic control, they require very little 
attention. 
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Appendix G 

(8) DESIGN AND CONSTRUCTION OF MODERN FRUIT AND PRO- 
DUCE TERMINAL BUILDINGS 

E. K. Mentzer, Chairman, Sub-Committee; F. R. Micheal, L. C. Hinsch, E. A. Harrison. 

Introduction 

Modem fruit and produce terminal buildings should be designed and built for the 
service and convenience of both the shipper and buyer and be provided with suitable 
facilities for receiving, housing, storing, displaying perishable farm and garden products, 
and for the proper and prompt handling of shipments of fruit, vegetables, and in some 
cases, butter, cheese, eggs and poultry. Dressed meats, groceries and canned goods may 
also be taken care of* 

One large building housing all departments or separate buildings may be designed 
and constructed to fit the conditions required, according to the amount of business 
carried on in that particular locality and made to conform to the local building laws; 
care being taken to construct in a manner to insure that future expansion and growth of 
business can be economically provided for when required. 

The buildings may be one of the several types of construction: 

Type No. 1 Wood frame construction 

Type No. 2 Mill construction 

Type No. 3 Masonry construction 

In a wood frame type of construction, the first cost is usually less, but the mainte- 
nance and insurance being high the saving in the end is reduced. This type should be 
omitted as unsuitable for permanence and fire risk. 

Mill type of construction, consisting of masonry walls, wood columns, heavy timber 
floor beams and thick plank floors, although not fireproof, is such as to retard the 
progress of a fire and thus afford some measure of protection. 

Masonry type of construction, consisting of steel or reinforced concrete frame with 
walls, floor and roof of concrete, or some other fireproof material, provides greater fire 
protection, lower insurance rates, durability, freedom from repairs and renewals, as well 
as being somewhat vermin-proof, and more sanitary. 

Fire protection is desirable and is best acquired by the installation of sprinkler sys- 
tems, or by means of fire hose lines, which will tend to lower the insurance rates. 

Each of the various products may be handled in one or more independent produce 
buildings, forming a complete market in itself, with storage, display, sales and office 
facilities, or separately in the following buildings: 

Office and Stores 

Display and Private Sale Building 
Warehouse, including Cold Storage 
Auction and Display Building 
Butter, Cheese and Egg Building 
Poultry Platforms 
Banana Building 
Incinerator Plant 
Cooper Shop 

Heating, Refrigeration and Icing Plant 

The size of an individual building may vary from 70 ft. to 110 ft. wide by a length 
suitable to care for the requirements of the business contemplated. The building should 
be provided with quarters for the executive offices, as well as for representatives of 
other railroads, mspection bureaus, and for merchants who may desire accommodation. 
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Illustrations are shown to further explain the features of a typical fruit and pro- 
duce building, for explanation of the governing conditions and for elaboration of the 
explanation. 
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Typical Fexht and Produce Ter mi nal Building. 


The following departments may well be provided if so deared: 
Basement: 

Locker and Washroom for Employees 

Storerooms for various kinds of Fruit and Produce 

Room for Egg Candling and Egg Storage 

Cold Storage Rooms 

Kitchen Storage 

Heater Room 

Elevator Machine Room 

First Floor: 

General Offices 

Eatchen, Dining and Lunch Rooms 
Buyers’ Waiting Room 
Men and Women’s Toilets 
Police Quarters (only in large terminals) 

Display Shed 
Cooper Shop 
Overflow Room 
Incinerator Room 
Cashier’s Office 
Telephone and Tally Booths 

Second Floor: 

Offices 

Storeroom for Records 
Auctioneer’s Room and Toilet 
Print Shop 
Public Toilet 
Auction Room 
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The buildings should be equipped with heating and lighting systems, as well as 
cooling and refrigerating facilities, if required. 

Sufficient floor space should be had for the proper circulation around the products 
on display and the posts or columns should be located out of the traveled way. 

Floors, except those of offices, should be of concrete with a metallic hardener surface 
and pitch toward floor drains or doors. 

Halls and offices should have finished hardwood floors, or concrete covered with 
linoleum. 

Stairs and freight elevators should be provided from basement to floors above. 

Doorways should be equipped with rolling steel or vertical lift doors for fire protec- 
tion and when opened to be about 8 ft. 6 in. to 9 ft. 0 in. high by about 16 ft. 0 in. 
wide with windows over doors where possible. 

Provision should be made to have special doors of a height sufficient to allow the 
passage of loaded trucks. 

Platforms should be about 8 ft. 0 in. wide with canopies over about 12 ft. 0 in. 
wide at car clearance to protect produce from the weather during unloading and delivery. 
Canopies should pitch toward building to improve roof drainage. 

Additional space suitable for use during winter or inclement weather may be pro- 
vided under canopies by wholly or partially closing in front and providing with doorways. 

The provision made for unloading merchandise from cars with the greatest ease is 
had by providing the display shed floor at the same level as the car floor. When the 
cars are released the space may be made use of by trucks and wagons in hauling away 
merchandise. 

As the contents of the cars are unloaded into the house, they are piled in lots, 
marked and sample boxes of each lot opened and displayed. The buyer, on entering the 
house, secures a catalogue, printed each day, which shows the various offerings, with the 
lot number on the display. He looks over the merchandise and, if interested, makes 
notes in his catalogue. The ringing of a large electric gong notifies all buyers that the 
sales are about to commence in the auction room. From the inspections and notes made 
the buyer is enabled to make a bid when the lots he is interested in are called for sale. 
It is desirable that the time of making deliveries be reduced to a minimum and the 
commodities removed from the buildings or cars as soon as possible. Rigid rules, bene- 
fiting all concerned, should be made and enforced. 

A public address system may be installed so that the switchboard operator may 
call buyers and inspectors from any part of the building to answer telephone calls. Tally 
and telephone booths should be provided in convenient locations. 

The auction room should be spacious for good circulation and required seating 
capacity. The rostrum should be elevated and provided with desks for clerks. Desks 
and seats for buyers should be on a floor sloping toward the rostrum so that those 
present may have a clear view of the auctioneer at all times. 

Special care should be given to the acoustical treatment and lighting. 

Banana Rooms 

Banana rooms are designed to meet two purposes: 

1. For the storage and retarding of green fruit with a temperature at 
around 56 deg. 

2. For ripening and holding fruit with a temperature ranging from 
56 deg. to 70 deg. 

Rooms should be properly insulated with 3 in. to 4 in. of cork so that an even tem- 
perature may he had, as otherwise injury to the fruit occurs, whether green or ripe. 

Pipe coils, or bunkers, are located at the ceiling with drip pans connecting with the 
drainage system. 
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Floors should be made of 3 in. to 4 in. of concrete wearing surface laid on a cork* 
insulation, sloped toward the floor drain or the door. 

Joists for the storage of bananas are located at the ceiling about 14 in. on centers, 
but which are omitted over walking aisles. 

Banana hooks are required to be installed on the ceiling fastened to joists S in. 
on centers. 

Walking aisles should be from 2 ft. 9 in. to 3 ft. 0 in. wide. 

Cold storage doors should be provided. 

Poultry Platforms 

Poultry platforms should be 16 ft. to 20 ft. wide and at car floor level above the 
track. Platforms should be covered and supplied with water and light. Supports should 
be located to minimize interference with trucking and handlmg crates. Usually space 
should be provided near the platform for crate storage and cooperage. 

Refrigeration 

The installation of a refrigeration and air conditioning system is necessary and 
should be designed especially to meet the local conditions and requirements of the 
building. 

Cold storage rooms should be provided and their size, shape and location deter- 
mined for their particular use. The various rooms chosen for refrigeration purpose 
should have the heat loss reduced by means of insulation, thus reducing the refrigeration 
required. 

All low temperature pipe lines should have sufficient insulation to effect economy of 
refrigeration. 

Rooms used for the individual needs for cold storage handling of food products, 
with the exception of freezer and hardening rooms, should have a temperature range 
of 32 deg. to 40 deg. Fahr. 

Freezer and hardening rooms differ from these rooms in the amount of refrigeration 
and thickness of insulation with a temperature as low as 65 deg. Fahr. below zero. 

These cold storage rooms may he built in any type of building, and in basement, 
or upper floors. 

The principal point is to provide ample air circulation. 

Where different temperatures are required, it is well to have smaller rooms built in 
blocks, rather than one large room, as the unoccupied space may be shut off, thus saving 
refrigeration. 

Economy of space, piping and refrigeration may he had by arranging the rooms 
in blocks, as the interior partitions between rooms, being heM at about the same tem- 
perature, will require 1^ insulation than outside walls. 

Walls should have high moisture resisting power. Hollow tile walls r^ist the en- 
trance of moisture better than those of concrete or brick, and also have, on account of 
their enclosed air spaces, a heat resisting power. 

An economical wall would be of hollow tile protected on the outside with a layer 
of hard brick, and on the inside insulated with cork and plastered. 

Air in such spaces carries some moisture which condenses on the colder surfaces 
next to low temperatures. In dosed up spaces, with an accumulation of moisture, 
rottitg out of wood construction would occur, or in case of ceilings, the moisture would 
drip down through the insularion. 

The design of the rooms should not retard or interfere with the circulation as the 
process of heat interchange by means of the air is essential, the moisture being taken 
up by the air in drculation and carried quickly to the pipe coils where it is deposited 
as frost. 
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If the circulation of air is sluggish, the moisture will condense on the walls and 
packages, or else remain in the air, causing a damp, mouldy room. 

The most effective system for an active circulation is the arrangement of coils, or 
bunkers, in the upper part of the room for the entire length. The bafdes are insulated 
to prevent sweating and drip. 

Overhead single bunkers are suitable for rooms with a height of from 10 ft. to 12 ft. 
and a width of 16 ft. For wider rooms double bunkers are used. 

In rooms having low headroom side bunkers are installed. The maximum width of 
rooms for a side bunker is 12 ft., greatei^ width requiring bunkers on both sides. These 
are not as effective as overhead bunkers. 

Non-bearing partition walls may be made of 3 in. or more of cork insulation, plas- 
tered on each side. This type of wall allows no air space and takes up less space than 
an insulated partition. False ceilings may be made of this same material. 

Windows should not be provided in cold storage rooms, but, if required, should be 
used as sparingly as possible. Sash should have multiple panes of glass with air spaces 
between. 

A humidifying system should be installed to prevent evaporation losses and drying 
out of the various products in storage. The proper amount of moisture in the air is de- 
termined and maintained by humidity control. This applies more particularly to bananas, 
some kinds of fruit and eggs. 

Floors of cold storage rooms should be concrete over the floor insulation. 

TEMPERATURE OF ROOMS FOR VARIOUS PRODUCTS 


Fruits (not frozen) except bananas 30 deg. to 40 deg. Fahr. 

(Limes and lemons slightly higher) 

Fresh vegetables 32 deg. to 40 deg. Fahr. 

Eggs (not frozen) 29 deg. to 32 deg. Fahr. 

Cheese 32 deg. to 42 deg. Fahr. 

Fresh Meats 28 deg. to 33 deg. Fahr. 

Pork Products 23 deg. to 28 deg. Fahr. 

Bananas 36 deg. to 70 deg. Fahr. 

Miscellaneous food products: Cereals, dried fruits 

and vegetables, nuts, canned goods, etc 32 deg. to 40 deg. Fahr. 

Plants, nursery stock and flowers 28 deg. to 32 deg. Fahr. 


Drainage 

Proper drainage should be installed to insure and maintain sanitary conditions. 
Drain pipes should be of proper size with all the necessary traps, cleanouts and appur- 
tenances, and all otherwise necessary for a complete system. 

Hand holes to have approved covers set flush with floors and a complete cleanout 
system furnished. 

Hose nozzles should be furnished on each floor for flushing the floors of the various 
rooms when desired. 

Heating 

A desirable method for properly heating the buildings is by direct steam heating 
system, or a combination steam and hot air system. 

In a combination system, the steam passes through pipes to radiators, or to unit 
heaters, where the air passes over pipe coils and is distributed at the proper temperature 
throughout the building by means of electrically operated fans. 

The temperature is controlled by the installation of thermostatic regulators. .. 
Unit heaters should be located as far above the floor as space will permit and not 
obstructing the trucking aisles. 
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Electric Lighting 

Electric lighting should be ample to meet the local requirements. Circuits shouM 
be designed to effect economy and switches located in accessible and convenient pMces. 
A system of flood lighting throughout the display shed should be instaikd. 

Extension cords should be provided for lighting the inside of cars in order that un- 
loading may be handled more conveniently and to better advantage. 

Appendix H 

(9) RELATIVE MERITS OF WOOD AND FIRE-PROOF ROOF 
STRUCTURES, WHICH SHOULD INCLUDE WOOD, HOLLOW 
TILE FIRE-PROOFING, CONCRETE AND CEMENT TILE, ETC. 

A. T. Upson, Chairman, Sub- Committee; 0. M. Rognan, F. B. Doolittle, C. L. 
Wenkenbach. 

Much work has been done on this subject by the Sub- Committee, which has goi^ 
into certain phases quite thoroughly; but additional information is being sought and it 
is desired that the subject be continued for further study. 

Appendix I 

(10) USE OF MATERIALS OTHER THAN BRICK, STONE AND 
CEMENT IN EXTERIOR AND INTERIOR WALLS, PARTITIONS, 
FLOORS AND CEILINGS OF BUILDINGS WITH A VIEW TO: 

(a) Fire Resisting Qualities 

(b) Less Space Occupied by Materials of Construction 

(c) Better Heating Conditions 

(d) Quieter Interiors 

(e) Reduction in Size and Weight of Framework and Enclosures 

(f) General Reduction in Cost of Construction. 

E. A. Harrison, Chairman, Sub- Committee; A. C. Irwin, G. A. Rodman, Eli Chiistian- 
sen, G. A. Belden. 

Several new types of material have been introduced to the building trades in recent 
years with a view to meeting the demands for les expenave construction. In leased 
quarters where walls and partitions are subject to frequent change and where it is de- 
sirable to subdivide gross space into smaller compartments on account of noise, heating 
requirements, etc., such construction is highly desirable. In existing buildings of limited 
floor carrying capacities and where no provision was made for the extra weight of 
partitions, it is necessary that they be constructed of light weight materials. 

There is also a demand for inexpensively constructed buildings for small ii^ustrks 
located on railway property. Small buildings of this kind are often moved from one 
site to another or are shifted slightly in their locations to accommodate track changes or 
improvements. 

With a view to making proper allowance for such conditions attention is called to 
several types in use in different localities. The subject b^ng rather complicated, is set 
up under sub-headings, each of which will be considered as a separate subject and in the 
following order: 

1. Exterior walls 

2. Interior sidewalls 

3. Interior fixed partitions 

4. Movable office partitions 

5. Floors 

6. Ceilings 
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1. Exterior Walls 

The most common type of construction is wood frame covered with boarding and 
usually with an outer covering of shingles, clapboards, stucco or other protective coating. 

Another common type is steel frame with outer covering of prepared sheets of some 
kind, either metal, asbestos or wallboards. 

Some of the most common forms of wall covering falling within the scope of this 
report are: 

Sheet Metals: Flat sheets of iron, steel, aluminum, zinc, etc. 

Corrugated sheets of iron, steel, aluminum, zinc, etc. 

Various formed sheets to imitate clapboards, panel effects or 
shingles. 

Sheet metals coated or insulated with other materials: 

Asbestos Protected Metal. 

Metal sheets With a wood filler or insulated filler. 

Asbestos coated sheets with a fibre board center. 

Sheet asbestos, either flat or corrugated. 

Various manufactured wallboards, either painted or coated, with stucco. 

Metal laths and stucco Or plaster coats. 

Wood shingles. 

Wood clapboards or drop siding. 

Glass tiles and corrugated glass are used to a limited extent for exterior walls but 
are not in general use. 

2. Interior Sidewalls 

3. Interior Fixed Partitions 

These may be constructed of the following: 

Wood lath and plaster coat on wood studding. 

Metal lath and plaster coat on wood or metal studding. 

Wall boards and plaster coat on wood studding. 

Gypsum blocks and plaster coat. 

Ordinary wood sheathing on wood studding. 

Panelled wood wall covering on wood studding. 

Cinder blocks. Haydite, clay and similar products. 

4. Movable Office Partitions 

Light wood frame with veneered wood and glass panels. 

Steel frame with single sheet metal panels. 

Steel frame with insulated sheet metal panels. 

Steel frame with composition board, asbestos cement board and similar panel. 
Various proprietary steel partitions made up in sections so as to be 
readily erected or moved. 

5. Floors 

Wood floors laid with matched boards. 

Wood blocks of various design. 

Edge grain laminated wood strip. 

Mastic floors on either wood or concrete sub floor. 

Sheet covering of cork, leather, asphalt composition. 

Tiles of cork, leather, asphalt, rubber. 

Steel trough floors with mastic surface. 

6. Ceilings 

Metal sheets stamped in various designs. 

Plaster on metal, wood or steel laths. 

Sheathing or matched wood. 

Wall boards with thin plaster coat. 

Asbestos or insulating boards without plaster coat. 
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(a) Fire-Resisting Qualities 

The use of materials other than those of fire-resistive character is limited by local 
ordinances and fire underwriters’ requirements. The use of non-fire-re^tive materials 
must therefore be limited to those buildings outside of 2 ones denoted as fire zones in 
cities and to structures on which the owner is willing to accept the fire rfek. 

The various materials may be grouped as follows: 

al. Combustible materials — walls, floors and partitions. 

Wood sheathing, shingles, clapboards. 

Wallboards of vegetable fibre. 

Wood floors. 

Cork, leather, rubber or asphalt sheets and tiles for floors. 

a2. Semi- combustible materials for walls. 

Wood laths and plaster coats. 

Wallboards with a coating of asbestos. 

Steel sheets coated with asbestos and bituminous binder. 

a3. Fireproof materials for walls and partitions. 

Metal lath and plaster coats. 

Sheet metal and asbestos board. 

Gypsum blocks and plaster coat. 

Haydite or cinder block. 

a4. Fire resisting materials for floors. 

Steel trough floors with mastic wearing surface. 

Mastic floors on suitable sub-base. 

(b) Less Space Occupied by Materials of Construction 

Due to the relatively very thin walls, the commercial materials falling under groups 
al, a2, and a3 will all occupy less space than walls of clay products, stone or concrete. 

(c) Better Heating Conditions 

Any of the materials in groups al, a2 and a3 will afford some protection against 
the radiation of heat. Greater insulation may be had by additional layer of fibre board 
with any of the other materials. Still greater insulation can be obtained by filling the 
spaces in walls with asbestos or mineral wool — either lacked in or blown in under 
pressure. 

(d) Quieter Interiors 

Any insulating material is generally sound deadening, especially those of a porous 
nature and the more resilient substances, so that these materials serve a double purpose 
and sufficient material for satisfactory heating conditions will serve for sound deadening. 

(e) Reduction in Size and Weight of Frame Work and Enclosures 

All of the materials in groups al, a2 and a3 produce light walls of much less thick- 
ness than brick, stone or concrete and this is one of the great advantages of these 
materials. 

(f) General Reduction in Cost of Construction 

The cost of materials in groups al, a2 and a3 is generally less than brick, clay, 
stone or concrete, but the principal saving in the entire structure is from lighter 
structure and foundation requirements. 
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Appendix J 

(11) CAUSES OF DUST EXPLOSIONS IN GRAIN ELEVATORS AND 
METHODS FOR OBVIATING THE HAZARD 

R. L. Ehrlich. Chairman, Sub-Committee; R. E. Mohr, A. L. Sparks, O. G. Wilbur, 
E. L. Haberle. 

A report on this subject has been prepared, but since it contains information fur- 
nkhPfi by other organizations, it is necessary to defer presentation until further con- 
ference. 

The Committee requests the subject be re-assigned for completion. 



REPORT OF SPECIAL COMMITTEE ON STRESSES IN 
RAILROAD TRACK 


A. N. Talbot, Chairman; 
C. B. Bronson, 

John Brunner, 

W. J. Burton, 

Chas. S. Churchill, 

W. C. Cushing, 

Robert Faries, 

C. W. Gennet, Jr., 


H. E. Hale, 

J. B. Jenkins, 

Geo. W. Kjttredge, 
P. M. LaBach, 

C. G. E. Larsson, 

J. DE N. Macomb, 
J. V. Neubert, 


W. M. Dawley, Vice-Chmrman; 

G. J. Ray, 

Albert Reichmann, 

H. R. Safpord, 

Earl Stimson, 

F. E. Turneaure, 

J. E. Whloughby, 

CommUtee. 


To the American Railway Engineering Association: 


During 1932 the staff of the Committee has been engaged in a study of the experi- 
mental data accumulated in the field and laboratory tests referred to in the report made 
a year ago and in the preparation of a report on these tests. The reduction of the 
data, the preparation of drawings and tables, the interpretation of the various groups 
of facts bearing on a variety of problems, and the formulation of a report presenting 
the information and findings in acceptable form have been time-consuming. However, 
it may be said that, on the whole, excellent progress has been made and that the pre- 
liminary draft of the Sixth Progress Report will soon be ready to send out to the 
Committee for their consideration, and it is hoped that the final form of the repKirt 
will be ready for printing in a summer Bulletin of the Association. 

At this time, it may be well to repeat that the accumulated test material includes 
(1) tests made on the Pennsylvania Railroad at Claymont, Delaware, to determine the 
stresses in forms of joint bars under the action of electric locomotives running at 
various speeds up to 90 miles per hour; (2) tests on the Chesapeake and Cffiio Railway 
at Ashland, Kentucky, to determine the stresses, movements and general action of 
heavy near-symmetrical joint bars under static loading in track, and to determine the 
depressions, play and stresses in the rail from point to point along the track and other 
actions that relate to the uniformity or the variability of track; (3) tests on the Mis- 
souri Pacific Railroad at Middlebrook, Missouri, on a stretch of GEO track to learn 
some of the characteristics of the track action in this form of construction; and (4) lab- 
oratory experimental work on several forms of rail-joints intended to supplement the 
field test data and to aid in their interpretation. 

Some of the results of the investigation were referred to in the discussion given by 
the Chairman at the last Annual Convention, which was printed in Bulletin 346 
(June, 1932) and in Vol. 33 of the Proceedings of the Association (1932). 

Respectfully submitted, 

The Special Committee on Stresses in Rahroad Track, 

A. N. Talbot, Chairman. 


Bulletin 354, February, 1933. 
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A REVIEW OF THE PERFORMANCE OF STEEL RAILS IN 
AMERICAN RAILWAYS 

By C. W. Bai^dridge 

The first railways known to history consisted of tracks equipped with timbers for 
supporting the wheels of the cars, or wagons, used over them. From the wooden rails 
the search for more durable supports for the wheels has gone through the materials of 
stone sleepers, cast iron rails, wrought iron rails and, with the invention of the Besse- 
mer process of steel making, to steel rails. 

In 1856 the fii^t Bessemer steel rails were rolled, but they were considered unsatis- 
factory: how^ever, their manufacture was resumed in 1864. A more complete history of 
Bessemer steel rails is to be found in the Proceedings of the American Railway En- 
gineering Association, Vol. 13, page 845, from which the following is quoted: 

‘‘Bessemer rails w^ere rolled in England and tried by many of the railroads, com- 
mencing about I860, and in 1863 a number of trial orders were placed for similar rails 
in this country. The cost at that time of one hundred to one hundred and twenty 
dollars ($120.00) per ton, in gold, to which was added the premium of forty or more 
percent in our currency, forced the railways to use as light a section as possible of the 
steel. Many of the sections of 56 to 58 lb. per yard, four inches in height with com- 
paratively thick base but thin heads, were imported and tried. The steel rails in places 
of severe service would outlast ten to fifteen of the best iron rails which could be 
secured. 

Bessemer steel works were inaugurated in this country about 1866. 

From the beginning of the manufacture of Bessemer steel in America, the use of 
railway rails made of this material rapidly increased, with varying degrees of success 
until the Open-Hearth process of steel making was introduced.” 

Very little complaint has ever been recorded against the wearing quality of Besse- 
mer steel rails, but rail failures seem to have increased to a great extent, reaching a 
climax at about the time of the founding of the American Railway Engineering Associa- 
tion in 1900. The reports of the Rail Committee of this Association and the active dis- 
cussion which followed them, provide an excellent source of information as to the service 
life and of the failures which have accompanied the use of both Besemer and Open- 
Hearth steel rails. That Bessemer steel rails gave satisfactory service life is shown by 
the following quotations from the Proceedings of the American Railway Engineering 
Association: 

Vol. 1, page 120. P. A. Peterson (Chief Engineer, Canadian Pacific): 

“I would like to know why we do not get as good raife as we did in the oMen days. 
We have 56-pound rails in our road that were laid in 1875 of which there have b^n 
very few broken, and we run our heaviest engines over them at rixty miles an hour. 
I w’ould like to hear from Captain Hunt why these rails are better than those we get at 
the present day, weighing 80 pounds to the yard.” 

Captain Hunt’s reply was to the effect that the earlier-made rails were rolled at 
lower temperatures and with smaller reductions per pass through the roHs, thus produc- 
ing better steel. 

On page 176 of Vol. 6 of the Proceedings of the American Railway Engineering 
Association we find, in a discussion of proposed Rail Specifications, a letter written by 
J. T. Richards, Acting Chairman, American Sockty Civil Engineers Committee on Rail, 
in which, among other things, he says: 

“Your Committee has also obtained and discussed data pertaining to the ^rvice of 
rails made by different metallurgical processes, and under various specifications. In 
addition to this they are keeping record of the use by American and other railways of 
rails of the American Society’s sections. 
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“In the judgment of your Committee, all of this will enable them to later make a 
more definite report to the Society.” 

“However, in the meantime, they would report that correspondence with the en- 
gineers of the railways of the United States and Canada evidences that while the wear 
of the heavier sectioned rails is not as satisfactory as that of the lighter ones, at the 
same time there is not a demand on the part of said railways for a change in any of 
the American Society’s sections.” 

Vol. 6, page 177 — Excerpt from a letter of T. H. Johnson to Chairman Webster. 

“As illustrating the second point stated above, I would refer your Committee to the 
analyses of a number of rails made by John Brown & Co. of England, reported by 
Captain R. W. Hunt in the Journal of The Franklin Institute for May, 1889. 

“As the members of your Committee may not all have access to the publication 
cited, I enclose a typewritten copy of Captain Hunt’s article” .... 

The essential part of Captain Hunt’s article is as follows: 

“Rails made by John Brown & Co. of England and put down on American rail- 
roads some years ago, have been generally held up as ideal rails, and the American 
makers for a long time supposed that when these rails did wear out so that they could 
be analyzed the secret of their good service would be told, 

“As an illustration of how little regularity or purity of chemical composition in- 
fluenced the wear, I call your attention to the analyses of thirteen of John Brown rails 
all of which had filled years of faithful service and have been selected as bright examples 
of what good rails should be: 


Number 

Y^Carhon 


Phos. 

6*. 

Mn. 

Cu. 

1 

0.35 

0.08 

0.128 

0.068 

0.742 

0.048 

2 

0.39 

0.071 

0.156 

0.155 

0.662 

0.32 

3 

0.36 

0.103 

0.125 

0.060 

0. 815 

Trace 

4 

0. 70 

0.306 

o.m 

0.008 

0.681 

0.016 

5 

0.36 

0.069 

0.153 

0. 131 

0. 621 

0.043 

6 

0,44 

0.208 

0.098 

0.059 

1.046 

None 

7 

0.45 

0.102 

0.128 

0.105 

0.616 

0.056 

8 

0.36 

0.087 

0. 148 

0. 181 

0. 625 

None 

9 

0.24 

0.068 

0. 131 

0.104 

0. 645 

0.005 

10 

0.37 

0.051 

0.096 

0.050 

0.639 

Trace 

11 

0.32 

0.089 

0. 145 

0.077 

0. 745 

Trace 

12 

0.35 

0.069 1 

0.077 

0.099 

0.946 

None 

13 

0.28 

0.032 

0.084 

0.053 

0.312 

None 


“You will observe that carbon ranged from 0.24 to 0.70, silicon from 0.032 to 0.306; 
phosphorus from 0.077 to 0.156; sulphur from 0.050 tol 0.155; and manganese from 
0.312 to 1.046. These rails taken as a whole, were chemically a poor lot, but physically 
most excellent. As these results are fortified by many others, we are compelled to 

think that physical peculiarities of their manufacture must account for their superiority 
» 

Vol. 6, page 179— Hunt (Cont’d) 

“We cannot expect satisfactory results unless the steel going into it is properly 
treated in all stages of the rail’s manufacture. 

“First— -The temperature of the conversion must be controlled. 

“Second — ^The recarburizer must be thoroughly mixed throughout the mass of blown 
metal. 

“Third — ^Time and opportunity must be allowed for the escape of the confined gases. 

“Fourth — Care must be exercised in pouring or casting the ingots, not only in keep- 
ing the steel from spluttering against the sides of the ingot molds, but also that the final 
manner of pouring each ingot shall act as a sinkhead and the gases allowed to escape, 
so that an excessive length of spongy tops to the ingots shall not be made. 

“Fifth — ^The ingots must not be taken from the perpendicular position until the in- 
terior of the steel has had time to solidify. 

“Sixth — ^The steel must not be overheated in the heating furnace, whatever form it 
may be, either in the shape of ingots or blooms. 

“Seventh — ^All defects should be carefully cut off and out before the steel is put in 
the finished shape. 
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‘‘jEiglitli ^The temperature of the metal while receiving the final pass^ or reduc- 
tions in the rolls should be low.” 

Another report of service life of Bessemer steel rails which is of interest is given in 
Vol. 13 of the A.R.Ej\.. Proceedings, beginning on page 573. It reads as follows: 

“Vol. 13 — ^page 573. A study of seventeen good service raik by Robert Trimble 
and W. C. Cushing — ^Table I — carbon ranging from .475 to .641 and pho^horus from 
.094 to .189 — service life from 7 to 17 years. 

“Conclusion-— This study indicates that the present specifications for Bessemer rails 
are consistent with long service and that under some conditions a segr^ated rail high 
in phosphorus and possibly also carbon, may give long service. Although it does not 
define these conditions, either of track or of material.” 

Another case of excellent performance of Bessemer steel rails is found in a letter 
from Dr. P. H. Dudley to the Rail Committee and published in Vol. 14 of the 
A.R.E.A. Proceedings, beginning on page 193, in which he said: 

“I have delayed answering your letter in reference to the ductility tests under our 
specifications untfi we had more experience in reference to the non-failure of the Open- 
Hearth rails which I designed of large ductility and toughness for the low tempera- 
tures of our winter service. 

“See Section 1, Chemical Composition, and Section 4, Drop Test and Ductility Tests, 
of attached specifications. 

“The temperatures in the Mohawk Valley on the New York Central have been 20 
degrees below zero for several successive days and 40 degrees below for two or three 
days. Nearly similar temperatures have l^en experienced on the Lake Shore and 
Michigan Southern, and 20 degrees below on the Cleveland, Cincinnati, Chicago and St. 
Louis Railway to date, however, out of our 124,000 tons of basic Open-Hearth raife, 
commencing with 3000 tons laid in 1908, 4000 tons in 1909, which were made under 
our former specifications of the elongation measurements for single blow of the drop, 
and including the first rails rolled under our present specifications, 10,900 tons in 1910 
and 106,000 tons in 1911, under the ductility, five 1908 rails failed thou^ none were 
reported as broken, five rails have broken in the 1909 rails, which were acc^ed under 
the elongation of only a single blow of the drop. It was the latter experience which 
induced me to provide more complete ductility tests for our basic open-hearth rails, 
resulting in the present specifications. 

“To date there has been reported out of 117,000 tons of basic open-hearth steel 
for 1910 and 1911, five broken rails due to ordinary traffic and four due to bad 
wheels. This statement is important in consideration of the minimum ductility per- 
missible in our specifications for a few melts of steel. 

“It is reported by the Engineers of Maintenance of Way that Bessemer rails in 
the track either side of open-hearth rails were injured by bad wfaeek without producing 
any fracture s in the latter under the same wheel loads, rates of speed and in the low 
temperatures mentioned.” 

While numerous mentions are made of good wearing quality of Bessemer steel, the 
only complaint against its wearing quality is confined to a mention of one or two cases 
of the rail mashing badly, indicating too soft a steel. Where sack complaints were fol- 
lowed up by investigations, it was found that the trouble was due to the rolling of the 
rails at too high temperatures. 

A great deal of complaint, however, was raised against the Bessemer ^eel because 
of increasingly excessive rail failures. Many complaints were voiced in the conventions 
of the A.R.EA. such as the following: 

Vol. 6, page 191 — 

“Mr. Cushing— Since 1899, every year without question, has brought a woi^ rail 
than the previous one; all that is necessary is to look at the reports that come in. It 
has gotten to be a very serious question, and the troubk we have had has been largely 
from piped rails”, etc. 
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Also from H. R. Safford (Illinois Central) : 

“Our experience in the last five years with 85-pound rail, which is the section we 
have used almost entirely, is in the direction outlined. We did not have a great deal of 
trouble with broken rails until last winter, rails laid two or three years ago. Our trouble 
has been largely from piped rails and from soft rails in which the wear is evidenced on 
the curves. Our broken rails in the last year, however, have been paostly on straight 
track, and contrary to the statement of one of the speakers who said that traffic condi- 
tions are much heavier than they were some years ago, I will say that the track condi- 
tions were much superior, the line having been ballasted in that time and the wheel 
load little increased, wfiich shows that we get more brittle rail We have looked into 
the chemistry part of the proposition very thoroughly, and do not feel that the trouble 
is in the chemistry. Our specifications run closely to the specifications of the Associa- 
tion. We have felt that the trouble was largely mechanical, and the question which in- 
terested us probably more than anything else is the proportion of the ingot which should 
be removed.” 

Also on page 193— F. H. McGuigan (Grand Trunk) : 

“Notwithstanding the statements of the gentlemen representing the Illinois Steel 
Company that they are making just as good rails as they ever did, our observation has 
been that it would not be difficult to disprove their claim. Although we have not used 
any of their rails for sometime, I do know that the quality of the rails we have pur- 
chased has become more inferior each year; also that we had in our track a considerable 
quantity of rail weighing only 60 pounds per yard, which we considered almost worn out, 
but which has given better wear than the new rail weighing 80 pounds per yard laid 
from the end of it. 

“In the Province of Quebec, some four years ago, we laid during the last week of 
October and the first week of November, 5^4 miles of new 80-pound rails, and were 
compelled to take out one hundred and twenty-three of these rails before the following 
April on account of wear and breakage. Just a few miles further east we had a stretch 
of 6S-pound rail carrying exactly the same tonnage, all of which had been in service 
over ten years, and not a single one of those rails broke or gave out during the period 
mentioned. If the gentlemen have confidence in their claim that the new rail is as 
good as the old, I should like to have them explain why the 60 and 65-pound rails carried 
the same tonnage, under exactly the same conditions, without a break, while the new 
80-pound rail was breaking continually. 

“We know further that during the past three years we have been getting the worst 
rails we have ever used — a considerable portion of it was made by our friends of the 
Carnegie Company. We purchased some on the other side of the Atlantic — and after 
these English rails had been in track a little while we concluded that they were worse, if 
possible, than the Carnegie rails. 

“We contracted also for a considerable quantity of German rails, which were de- 
livered about the same time as the English rails, and they were equally as bad” .... 

Numerous other complaints regarding rail failures in Bessemer steel rails were made, 
the climax undoubtedly being voiced in the following, quoted from the Proceedings of 
the American Society for Testing Materials— 1908, page 121: 

“J. R. Onderdonk— I would just like to say a few words in regard to rails, from 
tlie standpoint of the railroad. A few years ago we began to feel that all of the rails 
v/ere poor, some of them better than others. On the Baltimore and Ohio Railroad the 
principal trouble with the rail has been the wear and breakage due to slipping of drivers, 
the split head, and lately the corrugated rail. The split head has given us more concern 
than any other form of failure. About three years ago the split head question became so 
serious that, out of 10,000 tons rolled and put in the track, 22 per cent were removed 
during the first year on account of depressions in the head. When broken apart, the 
majority of them showed this opening in the head. The percentage of crop from the 
ingots from which these rails were rolled, varied from 3 to 5. When the head split on 
the gage side it was liable to cause derailment, and the matter was so serious that it was 
suggested that 30 per cent would be cropped from the ingot. For several years, that per- 
centage was cut from the top of the ingot. The rails rolled by the same concern, crop- 
ping 30 instead of 5 per cent, and placed in the same division, with practically the same 
traffic over it, reduced the percentage of split heads from 22 to 1^ during the first year. 



R e vie w of Performance of Steel Rails 


709 


although the 30 per cent discard did not begin at the first of the y^r. The split heads 
were reduced to about 0.6 per cent for the second year’s rolling, showing that the crop- 
ping of the ingot prevented, to a large extent, the split heads. The burning of the head 
of the rail, due to the spinning of drivers, has caused some broken rails, but a rail broken 
into two or more pieces is a rare occurrence. The burnt rail usually shows a crack ex- 
tending down into the head, and in some cases as much as three-fourths through the 
head. 

“The moon-shaped breaks spoken of do not occur on this road, unless the track man 
misses the head of the spike and strikes the flange,” etc. 

The complaints such as given above brought about an instruction being given to the 
Rail Committee of the A.R.EA. to secure data and to prepare, each year, a report on 
the rail failures occurring on the railways represented by members of the Association, 
and the first report of the Committee is found to be as follows; 

Vol. 11, page 237, “Statistics of Rail Failures.” 

“The first rail failure statistics for the six months’ period from April 30th to Octo- 
ber 31st, 1908, have been printed in Bulletin No. Ill on pages 3 to 42, inclusive. The 
rail failure statistics for the period of six months from October 31st, 1908, to April 30^, 
1909, have been printed in Bulletin No. 116 on pages 67 to ISS, inclusive, and the cir- 
cular requesting statistics for the six months’ period from April 30th to October 31st, 
1909, has just been issued by the Secretary of the American Railway Association,” etc. 


The rail failure reports have been continued each year from 1911 to the present, and 
they show a gratifying decrease in the number of failures of rails in proportion to the 
number in track. 

Credit for the decrease in rail failures has quite generally been given to the C^n- 
Hearth process of manufacture, and the change in the chemical composition of the steel, 
but a thorough review of the conditions raises a very grave doubt as to whether an equal 
improvement would not have been made, even if the Bessemer steel proc^ and chemis- 
try had been continued, with the improvement in other conditions made as they have 


been. 

For instance, at the time of the founding of the A.RT1A. the practice in regard to 
discard from the top of the ingot was a crop of but 4 per cent. In one of the early 
conventions of the Association, one member advocated adoption of a clause in the pro- 
posed “specifications for the manufacture of rails,” to require the top discard from the 
ingot to be increased from the customary 4 per cent to 12 or 15 per cent. 

In the statements of Mr. Onderdonk before the American Sodd:y for Testing Mate- 
rials, as quoted above, the 22 per cent of fafled rails were from a rolling of rails made in 
1905 in which the top discard was from 3 to 5 per cent. This exc^sive number of fail- 
ures, practicafly afl of them due to flaws, appears to have been the “last ^raw,” for in 
the Proceedings of the A.R.EA., Vol. 7, page 549, the following is reported. 


“Piped rails — ^Frequency of occurrence, cause and reconomended remedy. 

“We fiind from reports received that piped rails are frequent m o^rrei^. We 
submit the foUowing modification of proposed specifications of the A5.C.E. on this suP- 

^ “There shall be sheared from the end of the blooms formed from the top of 
eots not less than twenty-five per cent and if, from any cause, the steel does not then 
fp?ear to b^^ ^Hd, the shearing'^shall continue until it does. If, by use o ^y nnpro^- 
m^ts in the process of making ingots, the defect^^known as pipmg shall be prevented, 
the above shearing requirements may be modified.” 


On page 560 of Vol. 7 the information is given to the effect that the proposal to 

require a 25 per cent discard was adopted. 

In 1907, Vol. 8 of the Proceedings, no report of the Rail Committee is to be found. 
However, in 1908, Vol. 9, the provision for a 25 per cent discard was nullified by a mo- 
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tion to allow the discard provision as given in the previously adopted specifications to 
stand until new specifications should be adopted. 

In 1910, Vol. 11, page 254, a new set of specifications for steel rails was offered in 
which the provision for discard read as follows: 

“(4) The end of the bloom formed from the top of the ingot shall be sheared until 
the entire face shows sound metal.” 

This provision was adopted as presented, leaving the question of the amount of dis- 
card unspecified. It was generally understood, however, that the Rail Committee and 
the manufacturers had reached a “gentlemen’s agreement” to the effect that the discard 
should approximate 12 per cent of the ingot. 

As a consequence of this action, the Open-Hearth steel, which by this time had be- 
come the prevailing type of steel used for rails, was relieved of the failures which had 
previously been occurring in the rails which had been made of the metal between the 4 
per cent level and the 12 per cent level of the ingots. 

In one of the reports of rail failures, made to present a comparison of the number 
of failures by position in the ingot, a few years after the increased discard provision had 
been put into effect, it was shown that more than 50 per cent of the failed rails were 
“A” rails. 

What percentage of the failures in the rails made with a four per cent discard would 
probably be found in the part of the metal from above the 12 per cent line? 

Other features in the manufacture of rails, which make for fewer failures, and which 
have been adopted since the use of Bessemer steel was abandoned should be cited as fol- 
lows: 

(2) ' In making drop tests of Bessemer steel rails one (1) test piece from each five 
heats of steel was tested, if it stood the test all rails of the five heats were accepted but 
if it failed, the rails of all five heats were not rejected, another test piece was cut from 
.some other of the five heats and if it stood the test, still another piece was cut and 
tested and if it also passed the test the rails were accepted. 

(3) Until 1905 the test specimen for the drop test could be taken from any part of 
the rail bar made from an ingot, the result being that the test piece was usually selected 
from what was thought to be the best part of the rail bar. 

(4) Until about 1907 or 1908 the test rail was placed on the anvil “head up” or 
head down as suited the maker. 

Other factors which aid in producing less rail failures in the Open-Hearth rails than 
were occurring in Bessemer steel rails are as follows: 

1. The making of bigger ingots, consequently fewer “A” rails. 

2. Specifications which provide for keeping ingots in a vertical position until the 
metal has fully solidified, thus decreasing the depth of pipe. 

3. Bigger rails — ^with increased strength to carry loads. 

4. Use of more and better ballast in tracks. 

5. Use of tie plates, thus securing more uniform bearing for the rails. 

6. Longer rails — ^increased length of rails means fewer rails containing top metal of 
the ingot. 

7. Until the use of Bessemer steel rails had practically ended, all comparative re- 
ports of failed rails, as made by the Rail Committee, showed the number of failures per 
10,000 tons of steel. 

Inasmuch as the earlier rails, and consequently the Bessemer steel rails, were of 
lighter weights and shorter lengths the total number of rails in 10,000 tons of steel was 
considerably greater for the Bessemer steel as it actually existed than was the case for 
Open-Hearth rails as made. 
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The actual number of rails in 10,000 tons of steel, by various weights and lengths, 
are as follows: 


60-pound section 

30 ft. long 

37,333 rails 

60-pound section 

33 ft. long 

33,939 rails 

75 -pound section 

30 ft. long 

29,866 rails 

75 -pound section 

33 ft. long 

27,151 rails 

85 -pound section 

33 ft. long 

23,957 rails 

90-pound section 

33 ft. long 

22,626 rails 

90-pound section 

39 ft. long 

19,145 rails 

100-pound section 

33 ft. long 

20,363 rails 

100-pound section 

39 ft. long 

17,230 rails 

110-pound section 

39 ft. long 

15,664 rails 

130-pound section 

39 ft. long 

13,254 rails 


8. Prior to about 1910 or 1912 it was the practice to leave defective rails in track 
much longer than at present, in fact, it was not uncommon in the earlier years to leave a 
mashed or split rail in track until it broke, thus accounting for many rails reported 
broken that in present times would be renewed as soon as they were known to be de- 
fective and reported as piped or split head. 

9. Better maintenance in later years should also prevent some of the rail failures 
of earlier times. 

10. A final factor which must not be overlooked, and one which was re^x>nsible 
for many of the actual broken rails in Bessemer steel rails was the use of the thin base 
rail sections prior to the adoption of the A.RA. and AJRJEA. thick base sections. 

Regarding the performance of Bessemer steel rails, C. B. Dudley, Chemist for the 
Pennsylvania Railroad, when making his -President's address to the American Society for 
Testing Materials in 1908, had this to say: 

Page 28 — Proceedings A.S.T.M. 1908: 

“Insofar as the more rapid working of the Bessemer process, which has seemed to 
characterize its full commercial development during the pak twenty years or more, has 
led to incomplete action between the final additions and the blown metal, and to higher 
finishing temperatures in the finished rail, the metal must be inferior. The making of 
steel is a chemical process and every chemist knows that all chemical reactions require 
time, and it is to be feared that Bessemer metal is, many times, cast in the ingot mold, 
before the reactions are complete,” etc. 

Page 33, C. B. Dudley (Cont’d.) 

“And this brings us to the question of tests and testing. During the past few years, 
much light has been thrown on the subject and the truth compels us to say that a situa- 
tion has been found that, in some respk:ts, would be ludicrous if it were not so near the 
tragic. Let us see what the conditions have been: 

“1. The manufacturers have, in many cases at least, selected the rail end as sample 
for test. The specifications being silent on the selection of the test pkjce, they naturally 
have urged that there was nothing to prevent their doing this, and they naturaly again 
have, so far as information can be obtained, cbosen the best ^eel of the ingot for t^t, 
etc. 

“2. The best two in three principle has pervaded many ^)ecificatkms, that m to say, 
if the first rail end stood the test, the heat was accepted, but if it failed, a was 

tested, if this likewise failed, the heat was condemned. If on the other hand, it ^ood the 
test, a third was tested, and the fate of the heat was decided by the majority. It would 
almost seem as though the specification had been drawn, not with the idea of beh^ sure 
that only good rails should be accepted^ but with the idea of being sure that as many 
heats as possible should be accepted. 

“3. Only one heat in five was tested, that is to say, if the (cme)* rail end stood the 
test and the heat was accepted, that acceptance carried four other heats with h. But 
singularly enough, on the other hand, if the heat was rejected, that rejection covered oi%^ 
the heat from which the test rail end came, and the four precedh^ pr foibwing heat^ 

A 
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as the case might be, got another chance for their lives. The unsatisfactoriness of such a 
method must be evident to every candid mind that knows anything about the making • 
of steel .... 

“We fancy the rather loose testing, described in the three items above, started in the 
earlier days, when the strain on the rail was far less than at present, and the traffic far 
less dense, and has been perpetuated, partly owing to inertia on the part of railroad en- 
gineers, and partly owing to the resistance of rail manufacturers. The wonder is, with 
such loose methods of testing as has been in vogue, not that there have been so many 
rail failures, but that there have not been more.” 

Further, the drop testing machines were of any pattern which the mill cared to 
furnish. Some of them having the anvil supports very close together, one mill even using 
two old ingots laid in contact making virtually uniform and continuous support for the 
test piece. 

The A.S.T.M. Rail Committee at a meeting on April 27th, 1908, adopted the fol- 
lowing: 

“First — That many of the drop testing machines used in the past have given very 
fallacious results, owing to inferior foundations and anvils.” 

When the new types of failures which have appeared with the use of Open-Hearth 
rails are taken into account, it is doubtful that the Open-Hearth steel rails are giving as 
good an accounting of themselves as the rails made to Bessemer chemistry would have 
done had that process been given all of the aids which have come to the rescue of the 

O.H. rail. 

The types of failures which are now quite prevalent and which were rarely or never 
found in Bessemer steel rails are: 

1. The horizontal split head — by the Rail Committee called the horizontal fissure. 

2. The head check, or detail fracture. 

3. The transverse fissure. 

In making a study of these kinds of failures, in addition to the older forms, it will 
be necessary to study the factors and features of steel making. The first feature taken 
up will, therefore, be the matter of segregation of material in the ingot of steel from 
which the rails are made. 

Beginning on page 65S of Vol. 13 of the Proceedings of the American Railway En- 
gineering Association, is found a very v^aluable study of the segregation of the elements 
which enter into steel making. 

In that study, full sized ingots of Bessemer rail steel were split open and studies 
made of them. Fifteen rows of holes were drilled across the ingot and chemical analyses 
were made from the drill chips from each hole. 

See Fig. 8, page 665 and Fig. 9, page 666, Vol. 13. 

On the pages that followed were given the tabulated results of the analyses. 

In the Committee’s review of the tests, attention is called to the fact that prac- 
tically all of the segregation of both carbon and phosphorus is confined to the top 25 
per cent of the ingot, but no further study as to the actual amounts of segregation was 
mentioned. 

On page 675 the tables showing the analyses of carbon and of phosphorus, for a 20 
by 24 inch ingot are given. As this was a normal size ingot* which seems to be of typical 
analysis, a further study is made of it as follows: 

Average carbon content of the entire ingot amounts to .547 per cent which repre- 
sents 12.25 pounds of carbon in each ton of steel. The maximum amount of carbon 
found was .85 per cent which represents 19.04 pounds of carbon in each ton of steel. 
The total amount of segregated carbon, therefore, lies somewhere between these two 
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The average phosphorus found in the entire ingot amounts to .092 per cent, which 
represents 2.06 pounds of phosphorus per ton of metal. 

The maximum amount of phosphorus found amounts to .199 per cent, which repre- 
sents 4.45 pounds of phosphorus per ton of metal. Again the total amount of segre- 
gated phosphorus lies somewhere between these figures. 

In the making of Open-Hearth steel rails the present A specifications provkie, 
in the case of 110-pound rail: 

Carbon from .67 to .83 per cent — ^average .75 per cent. 

Phosphorus not over .04 per cent. 

On the average of the above figures, the carbon content would* amount to 16.8 
pounds per ton of metal. The segregation is usually found to increase with the in- 
crease of total amount of the element present, but in this case it is as^med that the 
segregation remains the same as given above, or .303 per cent higher than the average. 
The maximum carbon would then be represented by 1.153 per cent which wouki indi- 
cate 25.83 pounds of carbon per ton. A difference of 9.03 pounds of carbon, aiKi the 
actual segregation is somewhere between zero and this 9.03 pouiKls. If the pho^^horus 
be taken at the full .04 per cent it represents but 0.896 pour«ls per ton of metal, and 
since the total difference between average phosphorus and the maximum segregation 
figure for phosphorus in the Bessemer steel was but 2.39 pounds per ton, the actual 
amount of segregated carbon will have to be much smaller than k usually found to show 
a decrease in total segregated material in the high carbon Open-Hearth steel from that 
usually present in the Bessemer steel. '' 

The next factor in steel making to be taken up is the matter of working tmpera- 
ture. Kent’s Engineer’s Hand Book shows the weMing temperatures of iron and steel to 
be from 2250 to 2350 degrees Fahr. upward, while the rolling temperature of steel 
ranges from 2070 to 2100 degrees downward, for the ingot upon enterii^ the first pass 
through the rolls. 

This difference between welding and rolfing temperatures has a very important 
bearing upon the prevalence of horizontal split heads in pr^nt-day rails. 

The following quotation from Stoughton’s Metallurgy of Iron and Steel, second 
edition, page 271, throws some light upon this matter: 

“For this reason the Be^emer and the add Open-Hearth ^eel making processes are 
more expensive for casting work than the i^dc Open-Hearth. The result is a present 
rapid increase in the use of basic Open-Hearth steel in America, as weO as in Germany, 
with a probability that in a few years it will be the predominate process for this pur- 



Fig. 1 — Showing Horizontal Fissure — ^Looking Down on Top of Head. 



Fig. 2 — Head Check Rail — Side View. 
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pose. This is in spite of the fact that basic steel has very serious disadvantagesj chief 
among which are the amount of oxygen contained in it at the end of the process and 
the difficulty of keeping the desired amount of silicon in it during teeming, both of which 
conditions increase the liability to blow holes, which are especially objectionable in cast- 
ings, as there is no opportunity of their being welded up,"' etc. 

Since the rolling of rail steel takes place at a temperature bebw a weWing heat 
there is no opportunity for the welding up of blow holes or gas bubble cavities in the 
manufacture of rails. The result is that in most cases the gas is forced out of the steel 
in the process of rolling and the sides of the cavities are flattened together but not 
welded, therefore a seam is left in the steel and if in the head of the rail it frequently 
causes a failure by the horizontal split of the type frequently called a horizontal fissure. 
An examination of such failures will in most cases reveal a comparatively smooth sur- 
face, with no indication of grain or broken metal. 

The head check failure, or detailed fracture as sometimes called, shows a smooth 
surface, usually almost a quarter circle, with the center seemingly about where the 
planes of the side, and of the top, of the rail head, would intersect if extended. This 
quarter circle has the smooth surface of the transverse fissure failure outside of the 
rough spot nucleus of a fissure. The head check failure develops in Open-Hearth rails 
which have been subjected to the tractive force of locomotive drive wheels when under 
heavy pulling forces. The effect of this pull of the drivers is to distort the metal along 
the gage edge of the rail head, causing it to separate into thin sections, much as though 
the rail were composed of transverse laminated sheets. After the distortion has opened 
the older type is the transverse fissure which develops around a small cavity running 
a slight surface crack, the fracture develops with the same smooth surface of the trans- 
verse fissure. No such failures have ever been reported in Bessemer steel, and obviously 
because the manganese and phosphorus content of the steel produced a metal that was 
tough enough and hard enough to resist distortion by the engine drivers. 



Fig. 3— H^d Check— End View, 
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The transverse fissures: 

While the transverse fissure in general is quite well known, the search for its cause 
has been delayed or made more difficult by the failure of many persons to make a 
sufficiently close study of the difierent types of failure variously classed as transverse 
fissures. 

Two distinct types should be easy to distinguish. Hie first, because undoubtedly 
the older type is the transverse fissure which develops around a small cavity running 
lengthwise through the rail, or around some small defective spot. All transverse fissures 
so far known of by the writer, including those pictured in the Proceedii^ of the 
A.R.E.A., to have occurred in Bessemer steel rails are of this type. 



Fig. 6 — Specimen L-366-B. S^-inch 80-Ib. sec- 
tion. L. I. & S. Co., South Works. Bessemer steel. 
Heat No. 3718. Rail letter— unknown. Rolled 
1901. Failed May 14, 1914. Nucleus of the in- 
terior transverse fissure. Cavities, 



Fig. 7 — Specimen L-451-C. 6-mch 100-lb. section. L. I. 
& S Co , South Works. Bessemer steel. Heat No. 26011 
‘‘C”* rail. Rolled July, 1897. Failed May 4, 1914. Nucleus 
of the interior transverse fissure. Cavities. 
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Fig. 8 — Specimen L--496-C. 6-mch 100-lb. rail head. 
L. I. & S. Co., South Works. Bessemer steel. Heat No. 
68188 “C” rail. Rolled July, 1897. Failed May 10, 1915. 
Nucleus of the interior transverse fissure. Cavities. 



Fig. 9 — Specimen L-488-D. SJ^-inch 80-lb. rail 
head. L. I. & S. Co., South Works. Bessemer steel. 
Heat No. 359090 “B” rail. Rolled February, 1901. 
Failed March 3, 1915. Nucleus of the interior trans- 
verse fissure. Cavities. 


The transverse fissure which develops around the rough spot nucleus might well be 
termed the true transverse fissure. Many failures that are classed by some as transverse 
fissures, and by others as compound fractures, show a half circle, or more, of smooth 
silvery spot which has developed from a seam or some other flaw in the steel, giving | 
what appears to be a part of a transverse fissure but lacking in the rough spot nucleus. 

It is the fissure which develops from the rough spot nucleus which is of the most j 
concern. , 
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Fig. 10. 


The fissure shown on Fig. 11, below, is of the rough spot nucleus type, whik fissure 
No. 12 appears to be a development around a flaw or cavity, the position of No. 12 
being in the center of the rail head also indicates that a flaw serv'ed as a nucleus. Fig. 
No. 10 shows the half smooth spot developed below a seam which extended crosswise 
through the rail head. 



Fig. 11. 



Fig. 12. 
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The cause of transverse fissures, of all types except that having the rough spot nucleus, 
is fairly easy to define and the method of development of the transverse fissures having 
a rough spot nucleus seems to be pretty well understood, but the underlying cause for 
the initial rupture of the rough spot area has not as yet been fully explained. 

Beginning on page 1022 of Vol. 13 of the Proceedings of the A.R.E.A. there is a 
discussion of the rail situation by J. E. Howard, a part of which reads as follows: 

In discussion of Proposed A.R.E.A. Rail Specifications. 

“In regard to the 4th paragraph — ^Higher carbon steel rather than a mild one is cer- 
tainly necessary, but there is danger in going too far, getting too high a carbon, intro- 
ducing great brittleness, therefore I am inclined to favor a medium carbon; doubtless the 
zone of safety lies around 0.65 per cent to 0.70 per cent, or a little outside those limits.” 

Question. The President — “For Open-Hearth, Mr. Howard?” 

Answer. Mr. Howard— “I am not prepared to make a distinction between the 
two kinds of steel at the present time. 

“The feature of ductility is one to be considered and we do know this — that when 
a material is subjected to repeated alternate stresses it may be ruptured without the dis- 
play of any ductility whatever. If we have a very low carbon steel, although one of 
great ductility at the outset, when this is subjected to a comparatively low fiber stress, 
in alternate directions, we very quickly reach a brittle fracture. That metal will fail 
without any display of ductility, and the hardest steel can hardly do less. It is neces- 
sary to start with considerable stiffness or strength in the material to resist bending 
stresses. The ductility which you find in the drop test is inherent to the new material 
and not to that which has been repeatedly strained. It is not necessary that the over 
straining force reaches the elastic limit of the material, to bring about that final state of 
brittleness. Too soft a matal is undesirable to use. If the metal is a strong one, a 
higher stress can be endured repeatedly without impairing the final ductility or such 
ductility as the metal may incidentally be called upon to develop. That leads me to the 
use of rather high carbons and to be conservative, I think 0.55 to 0.70 is a fair limit. 

“The dangers of high carbon, as I see them, are somewhat along these lines. With 
high carbon steel and high wheel pressures, we reach an unsatisfactory internal condition. 
To follow the action of the high wheel pressures, they move the metal on the surface of 
the head and induce internal strains of compression. These internal strains may be of 
considerable magnitude, and when they exist there must be a tensile component in the 
steel below it. In that case we have below the running surface of the head, metal which 
is put into tension, and if structurally unsound there is an opportunity present for an in- 
cipient fracture to develop. 

“To show that the stresses from a disturbing cause like those under consideration 
are considerable, I would mention an example. Referring to a steel forging, one which 
had walls 3^ inches in thickness. The metal of that cylinder was so disturbed by ham- 
mering with a hand hammer, that the bore was measurably enlarged. The dimensions 
of this cylinder were 8 inches bore 15 inches outside diameter. Hammering the outside 
surface of the cylinder, the bore was enlarged nearly one thousandth of an inch. Turn- 
ing off one eighth of an inch of metal on a side restored the diameter of the bore to its 
primitive dimension. That showed that the internal strains in a zone only one-eighth 
inch thick were capable of stretching the balance of inches and making its effect 
measurable. It meant several thousand pounds stress per square inch to do that, so that 
it is possible that the cold rolled surface of the head of the rail may have in it internal 
strains amounting to a number of thousand pounds per square inch, and that coupled 
with the fact that we may have a decarbonized exterior, with a hard center, the decar- 
bonized exterior responding easily to the rolling of the wheels, the hard interior, through 
its natural lack of ductility, not responding so well, we have presented ample opportunity, 
it would seem, for starting a fracture in the hard steel. 

^ “These are features which are regarded as important in considering what the com- 
position of the steel should be and would lead to limiting it to the range in carbon whid 
I have mentioned, and to the exercising of care to see that the steel in the finished rail is 
fairly uniform in its composition from the exterior surface to the center of the head.” 

It is interesting to note that the statement made by Mr. Howard as given above was 
made in the A.R.E.A, convention in March, 1912, and that the first transverse fissure 
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failure of a rail, which attracted attention, was the one which caused the wreck of a 
train on the Lehigh Valley Railroad on August 25, 1911. 

Again at the A.R.E.A. convention of March, 1919, see Vol. 20, page 886 of the Pro- 
ceedings, Mr. Howard in discussing the report of the Rail Committee, in which the sub- 
ject of shatter cracks had been mentioned, said: 

“The term ‘Transverse Fissure’ was applied to a type of fracture which made its 
appearance in a rail that caused a disastrous wTeck on the Lehigh Valley Railroad in the 
year 1911. 

“The fracture started in the head of the rail. It was progressive in its character, 
the result evidently of repeated stresses in the track, and was therefore, by definition, a 
fatigue fracture. The peculiarity of the fracture consisted in its having an interior 
origin, the nucleus of which was located in the gage side of the head. Its interior origin 
was explainable by reason of the presence of cold rolling strains introduced into the head 
of the rail by the action of the wheel pressures. Internal strains of compression are im- 
parted to the metal immediately below the running surface of the head, while the metal 
next below is put into a state of tension. 

“The nucleus of a transverse fissure is located in a zone of metal which the wheel 
pressures have put into a state of longitudinal tension. Under the influence of repeated 
stresses the transverse fissure extends and may separate the greater part of the head be- 
fore the final fracture of the rail occurs. No common structural nor chemical reason has, 
up to the present time, been identified as the cause of the incipient rupture,” etc. .... 

In 1916 a study was made on the Atchison, Topeka and Santa Fe Railway, to de- 
termine if possible, what effect the larger engines then in use had upon track and rails. 
In the course of that study contours were taken of rails of various ages in track. 

Copies of such contours are shown in Fig. 13, 14 and IS, and they are of great in- 
terest inasmuch as they show that 90-pound section Open-Hearth rails which had been 
in service not over fifteen months show almost as much apparent wear as did similar 
rails of the same section, in the adjoining track, which had been in service six years, 
and in sections marked Nos. 13 and 14 had handled a somewhat heavkr traffic per an- 
num than had the newer rails. 




aH,9021. III.StCo.GaryWks.lZI-1910, 9021. III. S+.Co.Y[' 1910. 


Original area of head = 3.Z00 tc^ in. 
Amoun+ofwear « 0.103 m « 

Amoun+of bead » 0.030 « „ 


Original area c?f head s 3.200 
Amounf of wear « 0.1 27. ^ 
Amount of bead sr 0.015 « « 



0.H.902I. IU.StCo.6ary Wks.ini-1915 
HT.-47IZ3-A. 

Original area of head a3.200sc^.in. 
Amoun+ofwear =0.115 « .. 

Amoun+ofbead » 0.015 « •. 


3021. III.S+.CO.IIIL-I9IS 
HT.54I43-E. 

Ori.5ln8l area of head* 3.200 e<|-io. 
Amount of wear * 0.080 » » 
Amount of bead » 0.015 » « 


Rg. 13. 




9021. III. StCo-H-iaiO 9021. IH.Si.Co.Y-(9IO 

HT.34I58-G. KT.35I-X 

nal area of head = 3.20 Original area of head 3 . 2 D 5 <^.m. 

Amounf of wear *0.147.. « Amoufrl' of wear * ai57 « - 

Arnounf of bead *0.02 « .. Amounf of bead, in^kte « O.CH0 - - 

Amounf of bead, ouf side* 0,027 « •« 



9021. IlI.S+.Co.M-ieiB. 
HT.5I130-D. 

Ori^’nal area of head* 3.20 5<^.irT. 
Amounf of wear = 0.103 « « 

Amounf of bead =. 0.0 1 0 « .. 


9021. DLStCaM-lSiS 
HT.S4i43-E. . 

Or^nal area of head * 3.200 
Amou nf of wear *0.080 « - 

Amounf of bead * 0.020 h .. 


Fig. 14. 




9021. III.StCo.earyWks.ffini-1915. 
HT.53149-C. 

Original area of head* 3.200 
Amounf of wear * 0.102 « «. 

Amoun+ of bead » 0.020 *. « 


9021 . IILSt.Co.Gary Wks.Iir-f9l5 
HT.S5I24-C. 

Original area of head = 3200 
Amounf of wear = 0.090 « . 

Amounf of bead * 0.020 . 



9021. III.5jhCo.V-l9IO 
HT 35133. 

Original area of head = 3.200 Si}.)n. 
Amounf of wear « 0.140 « .. 
Amounf of bead *0.030 .. .. 


9021. Ill.S+.Co.Y-ieiO 
HI35I34-E. 

Original ansa of head* 3.200 ecj.lr?* 
Amounf of wear =0.100 « > 
Amounf of bead = 0.0 1 5 «• « 


Fig. is. 
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From the conditions shown and the known fact that such rails show' much harder 
and denser metal in the running face than existed in them before being placed in service, 
it becomes evident that the decrease in the height of the rails is not due to abrasive wear 
but is due to the steel being compressed into itself. That such is the case is confirmed 
by the experiment made at Sparrows Point, Md., by the Rail Committee of the AR.EA. 
and reported in Vol. 19 of the Proceedings, beginning on page 499. That test not only 
proved the very considerable compression of the face of the Open-Hearth rail, but also 
siiowed that the major part of the compression takes place early in the service of the rail. 

These features of the performance of Open-Hearth rails of high ductility show that, 
so iar as he went, Mr. Howard was on the right trail in the search for the cause of trans- 
verse fissure failures in Open-Hearth rails. However, if the internal stresses set up with- 
in the rail head by the compression of the face metal were the sole cause of transverse 
fissure failures, then all rails compressed in the same manner should fail in the same 
w'av. Since only an occasional rail of the many so compressed fail, it is necessary, in 
order to find the full cause or causes for such failures, to look for some other condition 
which when occurring along with the compression strains, will produce a transverse 
fissure in the steel. 



Fig. 16 — Transverse Section of Piece No. 3, Etched and 
Repolished with Tripoli. 


In his report No. 42, published in Vol. 16, page 195 of the A.RJEi.A. Proc^dings, 
M. H. Wickhorst called attention to what has become known as shatter cracks in steel 
rails which had failed by transverse fissure. Investigation of these microscopic cracks 
has been continued by various students of the subject, untU it has been almost proven 
that they are to be found in all rails which fail from transverse fissures of the rou^ 
spot nucleus type. In many cases, however, the cracks are so minute that even power- 
ful magnification will not disclose them until after etching with some acid or other re- 
agent has been resorted to. 
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Fig. 17 — Etched Horizontal Section at End of Rail 9086. 



Fig. 18~Etched Longitudinal Section Through Interior of Head 
of E Rail 31. 


Some question still remained as to whether or not the action of the etching reagent 
might not be forming cracks which did not previously exist in the steel. It remained, 
therefore, for Dr. C. W. Burrows, of the U.S. Bureau of Standards, to devise a magnetic 
method of proving the existence of the shatter cracks in the steel before any etching was 
done. This test is described, beginning on page 1241, in Vol. 21 of the A.R.E.A. Pro- 
ceedings. 

Having established the fact of the presence of shatter cracks in all transverse fissured 
steel, so far as is known, the next step is to determine if possible the why of these cracks, 
and to seek for means of avoiding them. 

The records that have been kept and the reports and tabulations that have been 
made of transverse fissure failed rails show the type of failure to be more prevalent in 
high carbon steel than in the lower carbon steel, and in fact the development of a trans- 
verse fissure of the rough spot nucleus type in a rail made of Bessemer steel is, so far, 
unproven. 
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The natural line of research, therefore, lies in the actions and effects of carbon in 
the making of steel. For this reason the following table cov'ering the ingredients more 
or less prevalent in rail steel is made up: 



Atomic 

Specific 

Melting 

Boiling Weld. 

Roll. Coefficieni 

Element 

Weight 

Gravity 

Point 

Point Temp. 

Temp, of Expmnsior 




F 

F F 

F 

Iron 

55.84 

7.9 

2786 

4442 2300 

2070 . 00000673 

Carbon 

12.00 

1.9 

6332 


,00001154 






Down 

Graphite 


J 2.3 






\ 1.83 




Phosphorus 

31.04 

J 2.20 

111.6 

550.4 

.00006961 



1 1.93 




Sulphur 

32.06 

2.07 

224.2 

832. 

. 00006556 

Manganese 

54. 93 

8.0 

2246 

3452 


Silicon 

28.3 

2.39 

2588 


. 00000424 

Nickel 

58. 

8.90 

2646 



Aluminum 

27.1 

2.61 

1217 

3272 

. 00001233 

Titanium 

48.1 

3.54 

3260 



Copper 

63.7 

8.85 

1981 

5050 

. 00000926 




Variations of Iron 


Wrought Iron 

7.70 

2900 


.00000633 

Cast Iron — 

3 % carbon 


2350 


.00000589 

Steel — .58% carbon 




.000006389 

Steel — 1.00% carbon 

7.9 

2550 


.00000617 


It is interesting to note that the melting temperature of pure iron is 2786 degrees 
Fahr. while that of carbon is 6332 degrees Fahr. or slightly more than two and one- 
fourth times the temperature required to melt pure iron. Not only is the melting point 
of carbon very high, but the fact that the first successful electric light was made by 
burning metallic carbon in the electric arc and that without the slightest melting of the 
carbon, shows that carbon practically cannot be melted in the open air. This high melt- 
ing point of carbon makes it quite evident that the carbon in the recarbonizing material 
which is added to the iron to make steel of it, is not melted in the process. On the con- 
trary it becomes evident that carbon is soluable in liquid iron very much the same as 
common salt is soluable in water. As salt reduces the freezing point (or melting point) 
of water from plus 32 degrees to zero so the addition of 1.0 per cent of carbon to pure 
iron reduces its melting point from 2786 degrees to 2550 degrees. 

The early processes of making steel, which consisted of building alternate layers of 
charcoal and wrought iron bars into a kiln and firing the stack so prepared, allowing it 
to smoulder for several days, then removing the bars as a well carbonized steel, with- 
out either the iron or the carbon having reached a molten state, shows the solvent and 
the absorbent powers of iron over carbon. 

Apparently, as is the case with salt and water, the larger amount of carbon added 
to the liquid iron the longer is the time required for it to be completely dissolved and 
a.ssimilated, and seemingly in some cases of steel making, more or less of the carbon par- 
ticles remain unassimilated in the mass. 

Turning now to table of elements in steel, we find that any carbon remaining un- 
combined in the mass, wffl be solidified unless the temperature be above 6332 degrees, a 
temperature probably never used or reached in steel making. The steel surrounding 
these particles of carbon wiU become solidified as soon as the temperature falls below 
2550 degrees. Manganese will become solidified when the mass temperature reaches 2246 
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degrees and the remaining ingredients likewise will solidify as their melting point tem- 
peratures are passed in the downward trend. 

Another factor which must now be considered is the contraction of the steel and 
such unassimilated particles as may be in it. 

The coefficient of expansion of rail steel is generally given as .0000065 while the co- 
efficient of expansion, which also means of contraction, for carbon is listed as .00001154 
for common forms of carbon, and downward, with no certain figures for metallic car- 
bon available. With the figures given being 1.8 times as much as the figures of iron, and 
the fact as given in the Rail Committee’s report for 1915, Vol. 16, page 163, that the 
shrinkage of the hot rail after sawing increased an average amount of .013 inch for an 
increase of carbon of .01 per cent in the standard length of 33 feet, it becomes evident 
that the shrinkage of carbon is greater than the shrinkage of iron or steel. 

It, therefore, seems logical that the larger the amount of carbon there is in the steel, 
and the later, in the process of steel making, it is introduced into the mass, the more 
unassimilated particles of carbon there will be and the more liklihood of the shrinkage 
of such particles being the cause of the shatter cracks which combined with the stresses 
set up in the head of the rail by its compression under the wheels, seems to be the com- 
bination of conditions which bring about the rough spot nucleus of transverse fissure 
failures. 

Having reviewed the performance of, and failures which occur in railway rails, it 
Ls appropriate that some attention be given to the factors which are desirable in railway 
rail steel. 

Railway rail steel should have, first — strength to carry the loads; second — ^be hard 
enough to prevent undue compression of the contact face; third— be tough enough to 
resist wear; fourth — ^be sound, to prevent failure producing flaws. 

In order to learn something of the effects on the strength of steel, of the changes 
in its chemistry, made since the adoption of the Open-Hearth process of steel making, it 
is worth while to review the information given under the title, “The Strength of Steel,” 
by Bradley Stoughton, on pages 307 to 310 of his Metallurgy of Iron and Steel. He 
states that beginning with a carbon content of .50 per cent, the strength of basic Open- 
Hearth steel is increased 820 pounds per square inch for each .01 per cent of increase 
of carbon up to .90 per cent. That the strength of the steel is increased 1000 pounds per 
square inch for each .01 per cent of phosphorus added up to .12 per cent, also that the 
strength of the steel is increased by 400 pounds per square inch for each .01 per cent of 
manganese added up to 2.00 per cent. 

It is, therefore, evident that a return to the chemistry of Bessemer steel of bygone 
years with figures as follows: 

Carbon 50 

Manganese 1.40 

Phosphorus 12 

the strength of steel as compared with the A.R.E.A. present specifications, will be as 
follows: 


Resulting 

Element Bess. Chem. Pres. Chem. Difference Strengthen- 

ing 

Carbon .50 Aver. .80._30x 820 = — ^24600 lb. 

Manganese 1.40 Aver. .95,_46x 400 = +18000 lb. 

Pbos .12 Max. .04 08x1000 + + 80001b. 


Net change in strength... + 1400 lb. 
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It is thus possible to produce a stronger rail by this change back to Bessemer 
chemistry. In addition the manganese will make a much tougher rail and the phos- 
phorus will make a harder rail, and the decrease in carbon will aid in reducing the 
transverse fissure failures. 

The increased hardness will lessen if not entirely prevent the head check type of 
failures and the increased toughness ^ould increase the rail's resistance to wear, and the 
combined increase of toughness and hardness should greatly reduce the number chipped 
and battered rail ends. 

Steel made to the present specifications may have the proper strength and ductility 
for use as bridge or structural steel, where the tension or compression stress is prac- 
tically uniform throughout the piece, yet be far from what is needed for rails which must 
provide strength and elasticity and also take care of the rolling load, and the condens- 
ing and wearing effect of such treatment. 

Rail steel needs to be hard enough and tough enough to resist the compression of 
its surface caused by the cold rolling of the wheels to as great an extent as necessar>’ 
strength and elasticity will permit. 

Hardness of rail steel is generally objected to on the theory that hard rails will not 
be able to withstand the hammer blows delivered upon them, but it should be remem- 
bered that there are no blows or loads imposed upon the rails except by the wheels 
passing over them and the wheel loads are rolling loads with no hammer effect except 
w^hen a low rail end causes a drop of the wheel or where a high rail end or other high 
spot causes a bounce of a wheel with a consequent blow on the return of the wheel to 
contact with the rail. It should further be considered that the force acting on the rail 
is to an equal extent reacting upon the wheel which produces it, and a large percentage 
of the wheels which are operated over a railway rail are made of cast iron, a material 
which at best is far weaker and far more brittle than is rail steel. Not only are many 
of the car wheels made of cast iron, but they are made with chilled tread surface. Of 
this subject Stoughton’s Metallurg>’' of Iron and Steel has the following to say: 

Page 318. 

“American railroad car wheels which are cast against an iron chill give nearly an 
inch depth of white iron around the tread and flange where the metal is to suffer abra- 
sion in grinding over the rails.” 

Page 316 — ^white cast iron — 

“It is so brittle as to be readily broken by the blows of a hammer and is weak be- 
cause of the presence of very large plates of cementile.” 

It is these same chilled cast iron car wheels which must deliver the majority of the 
stresses which the rails must endure, and very few cast iron car wheels fail except where 
some flaw or defect is the cause, and likewise very few rails of either earlier Bessemer 
steel or present day Open-Hearth steel did or do break without some flaw or other un- 
usual condition being the cause. 

As to piped rails and flaws, in general most of them could be prevented if the steel 
manufacturers could develop their processes of ingot making to such an extent that the 
shrinkage cavities could be avoided, and it may be pertinent at this point to call their 
attention to the fact that the method of producing sound ingots by use of sand top 
mold and other hot top devices was described by Sir Robert Hadfield, in the Journal 
of the Iron and Steel Institute, and reprinted in Vol. 14 of the Proceedings of the 
A.R.E.A. As twenty years have elapsed since that time, any patents on the process then 
described must have expired and manufacturers should now be free to develop the pro- 
cesses to the advantage of both themselves and their customers. 



THE THEORY OF PROBABILITY APPLIED TO BRIDGE 
AND BUILDING LOADINGS 

By B. R. Leffler 
PRELIMINARY VIEWS 

1. A moot question in designing railroad bridges carr>’ing multiple tracks is the total 
oatog. For a smgle track bridge, the maximum load is taken. For a double track 
bridge, up to recently, both tracks were taken with simultaneous maximum loads. For 
more than two tracks. Engineers have modified the track loading on the theory that 
simultaneous maximum loads on all tracks are highly improbable. 

2. In designing office buildings, shall all floors be taken as simultaneously loaded 
with maximum loads for designing the basement columns and foundation footings? The 
table on page 333 of the Association’s Manual of 1929 is an attempt at answering this 
question. 

3. The word “probability” will be used in its mathematical sense and not in a 
loose and popular sense. 


MATHEMATICAL PROBABILITY 

4. Probability pertains to the occurrence of casual events. The rising and setting 
of the sun during the next few years are not a matter of probability, because they are 
not casual events. But if a coin is tossed, the appearance of a head is a casual event. 

For our purpose, a casual event is one whose occurrence cannot be foretold. 

Take a four-track bridge of three trusses. The middle truss receives its greatest 
imaginable loading when all four tracks are simultaneously and fully loaded But the 
loading of all four tracks simultaneously is a casual event; more about thfe kto, 

5. Take a 30-story office building. The loading of all floors rimultaiMsoosfy wMh 
full live load is so highly casual that Engineers, long ago, have ruled that it is practkaSy 
impossible. 

6. As an example of casual events, the tossing of coins is to iflustrate the 

Theory of Probability. If one coin is tossed, the probability of a head or tail appearir^ 
is ; common-sense tells this. If more coins are tossed, the probability of a certain 
number of heads or tails is not easily seen by common-sense. For a precfee statement of 
probability of many casual events, the reader is referred to works on Probability*. We 
will confine ourselves to applications of the Theory. 

7. Suppose eight coins are tossed, then Merriman gives the probabilities of heads, as 
shown in Table 1. 

* Merriman’s Least Squares, 3rd Ed., is an excellent work. 


Table 1. 

Eight Coins Thrown. 


Heads 

Probability 

4 

70/256 

S 

56/256 

6 

28/256 

7 

8/256 

8 

1/256 
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Merriman has plotted these events to form a curve. Fig. 1 is this curve, with respec- 
tive probabilities shown on the ordinates. Along the A” axis are plotted the spaces cor- 
responding to the heads. 


y 



/ie.ads 

r/Cx. /, 

About ISO years ago, the equation for this curve was the subject of much seeking 
by the world’s greatest mathematicians. Finally, there was found the following equation: 

-WKx?- 

y=:ke (1) 

in which k and h are unknown constants, which will be evaluated later, and e = 2.718-|-. 
The curve is known as the Probability Curve. 

8. Let us see how the curve of the equation fits the curve for tossed coins, Fig. 1. 

70 1 

We will take the extreme ordinates, namely -j^^-and as given. This will en- 
able us to determine values for k and h. It should not be necessary to give the inter- 
mediate steps; this will be done later. Finally, the equation takes the form: 

log y = -0.5632 — 0.1l5r (2) 

Calculated values of the re.spective ordinates are shown in Table 2, 


Table 2. 


Heads 

Probability 

Remarks 

4 

70/2S6 

Given 

5 

S3/2S6 

Calculated 

6 

24/2S6 

Calculated 

7 

6.4/256 

Calculated 

8 

1/256 

Given 


A comparison with the values in Table 1, or the values on the curve, shows a dose 
agreement, and is evidence of the practical correctness of the probability equation. 

PROBABILITY CURVE APPLIED TO A MULTIPLE TRACK BRIDGE 

9. Let us apply the probability curve to a multiple track bridge loading, obtaining 
a curve similar to that for coins. 

In Section 4, I compared the loading of multiple track bridges having simultaneous 
maximum loads to that of casual events. 
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Let us see. To produce the imaginable maximum stresses at any point of a bridge 
span, the following events must occur simultaneously on each track: 

1. The position of the wheel loads must be identical on all tracks \^ith reference 
to the point in question. 

2. The impact must be the same for all loads, but entering into impact are a 
lot of other events, as follows: 

(a) The position of the locomotive counterbalances must be the same 
for all tracks. 

(b) Rail joints which cause impact must be of identical location on 
the bridge. 

(c) Flat spots on wheels or rails must produce simultaneous and equal 
effects. 

(d) Swayings of locomotives -which are a cause of impact mu^ be 
identical in amount and direction for all tracks, and occur simul- 
taneously. 

(e) The speed of all trains must he simultaneously at the proper values. 

In addition to the above events, it is now well-known that impact for spans of more 
than sixty feet is due largely to synchronous vibration of the span with driver rotation. 
This synchronous effect is highly improbable for bridges having more than two tracks, 
because the vibration of the span is dependent on the live load thereon. 

Engineers, long ago, have recognized that the simultaneous occurrence of the fore- 
going mentioned events is practically impossible; in other words, they are casual events 
similar to heads coming up in the tossing of coins. 

10. Coming now to a more concrete case. Take a short through plate girder bridge 
with one floorbeam only, located at the mid-point of the span. Suppose there are two 
main girders only, and that it is possible to have numerous tracks on the bridge. The 
floorbeam and girders will then receive their maximum stresses when the tracks are 
properly loaded. But, shall all tracks be under simultaneous maximum loads? In order 
to answer this question, the following assumptions are made: 

1. That for any number of tracks, at least one track will receive the maximum 
load. The probability for one track is the highest. 

2. That for a large enough number of tracks, at least one track will have no 
load at the time the other tracks are loaded. The probability of this track 
load is very small. 

Assumption 1 is valid without a doubt. 

Assumption 2 is not so apparent, and must be based on practical judgment. Sec- 
tion 23, page 1075 of the Association’s Manual of 1929, is an interpretation of the assump- 
tion; it means that one track out of four is unloaded when three are fuhy loaded. 

The greater the number of tracks across the imaginary plate girder span the smalter 
the probability of all tracks being fully loaded at one time. There is a practical certaint> 
of at least one track being unloaded. It is further assumed that the bridge is not at a 
special location; as, in a yard, or near a depot. In short, all tracks are to be main 
tracks under unrestricted operation. 

A SIX-TRACK BRIDGE CONSIDERED 

11 In view of the casual nature of the events making up a loading as enumerated 
in Section 9, it is my opinion that, for six tracks across our imaginary plate girder span, 
at least one track will be always unloaded; or the probability of a sixth track being 
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loaded is very small. On the other hand, the probability of one track being loaded is 
one; one is the sign of absolute certainty in the theory of probability. We are, here, 
using the assumptions of Section 10. 

Because the probability curve is asymptotic to the X axis, it will not do to assume 
a probability of absolute zero for the sixth track being loaded; but an infinitesimal-like 
number must be assumed. We will assume a probability of one divided by 100,000,000, 
as a practical working infinitesimal. Hereafter, “100,000,000” will be written “100 M”. 

As for the coin probability curve in Section 8, we have now two ordinates of the 
probability curve which will enable us to determine h and k of Equation 1. 

In Fig. 2 the number of tracks are represented by spaces along the X axis; the track 
at the origin having a zero space. The ordinates represent the probability of the simul- 
taneous track loads. The ordinate values in parentheses are the calculated probabilities. 


The values of h and k are determined as follows: 

When x= 0, y — I and k must equal 1. 
When x = S, Eq. 1 becomes: 


1 -25A-- 1 

100 M 100 M 

or -8 = -2Sl('“(0.4343). 


— -2Sh^ log e, 


Finally, log y = -0.32x^ as the wmrking form of Eq. 1 for six tracks. Using this 
equation, the enclosed ordinate values of Fig. 2 arc obtained. 

Let us study Fig. 2. The ordinate for = 1 means that for .six tracks the prob- 
ability of at least two tracks being loaded is 0.48. The amount of probability is nearly 
equal to that for a head appearing when one coin is tossed. For practical purposes, at 
least two tracks out of six will be simultaneously loaded. 



Fi&, Z. 

Take the ordinate for = 3, the probability is 0.0013, which means that, when six 
tracks are considered, the probability of four tracks being simultaneously and fully loaded 
is fairly small. 

Consider x = 4. The probability of five tracks being loaded is practically zero. In 
other words, for the six-track through plate girder span, two tracks should be considered 
as unloaded when the other four are fully loaded, in making the design. In fact, the 
probability of three tracks being fully loaded is very small; surely, four tracks fully 
loaded is ample. 


A FIVE-TRACK BRIDGE CONSIDERED 

12. Let us consider five tracks, using the assumptions of Section 10. This means 
that one track out of five will have a small probability of being loaded. Proceeding as 
for six track^ the final form of Equation 1 is log y = -0,S0x‘. The probability curve is 
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shown in Fig. 3. The ordinate x z= 3 has a very small value. This means that, if we 
are safe in assuming the fifth track as not being loaded, then the probability of the 
fourth track being loaded when the remaining three are loaded, is very small. 


Trac^ks 

F/a.S 

It is to be noted that as the number of tracks across our imaginary plate girder 
span is decreased, the probability of the fourth track load also decreases. 

We will illustrate this by the tossing of coins, as given in Merriman’s Least Squares. 

70 

If eight coins are tossed, the probability of four heads appearing is . If six are 

tossed, the probability of four appearing If four coins are to^ed, the probability 

16 

of all heads appearing 

When the casual nature of the events making up bridge loadings is considered, as 
outlined in Section 9, it should be evident that for practical purposes only three tracks 
out of five will receive simultaneous loads and no more tracks will be loaded when four 
tracks are taken. 

For practical purposes, a track loading with a probability of one-ten-thousandth or 
less, indicates a track not loaded. 

FOUR-TRACK BRIDGE CONSIDERED 

13. Section 23 of the Association’s Specifications says the loading shall be; 

For two tracks — 90 per cent. 

For three tracks — SO per cent. 

For four tracks — 75 per cent. 

The requirements give average loads, but since average loads do not produce the 
same shears and moments as the individual loads, the individual loads should be speafied. 

For a four track bridge, three tracks should be taken fully loaded and one unloaded. 
This three-track loading is in accordance with results indicated by Fig. 3. 

It seems to me that Section 23 is closely in accord with the theory of Prolmhilfty, 
if the individual loads are specified. The amount of probability should have a hiring 
on the respective track loads, especially when the heterogeneous character of the elements 
making up impact are considered. The clauses in Section 23 should then read. 

For two tracks, one track 100 per cent, the other track 80 per cent. 

For three tracks, two tracks 100 per cent and one track SO per cent. 

For four tracks, three tracks 100 per cent and the other track no load 

HIGHWAY BRIDGE LOADINGS 

14. A similar study can be made for highway bridges with wide roadways, say for 
four or more lanes of traffic. 
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Does it seem reasonable to consider a floorbeam in a six lane bridge as receiving 
simultaneous maximum loads from the six lanes including impact? The probabilities 
shown in Fig. 2 and 3 indicate that a marked modification should be made. 

BUILDING LOADS 

15. Consider a 30-story office building. If experience shows that one floor out of 
five receives its full live load and one out of five does not receive a simultaneous load, 
then the probabilities shown in Fig. 3 should govern. Accordingly, three floors out of 
five should be taken as fully loaded. 

For the thirty stories, there are six groups of five. Hence, eighteen floors should be 
considered as fully loaded for designing the basement columns and foundation footings. 

The table on page 333 of the Association’s Manual does not extend far enough to 
include thirty stories; fifteen stories is the limit. For fifteen stories, the loading accord- 
ing to the Probability Curve should be nine floors fully loaded for the basement columns 
and footing courses. The table gives 8.9 floors, a rather close agreement. 

However, for fewer stories the table is not in accord with the Probability Curve. 
I believe the table needs revision. 

For a warehouse, the use of Fig. 3 may not be justified by experience. 

FINALLY 

16. In considering the subject, the reader should keep in mind that only casual 
events are considered. If by artificial means a track is purposely loaded, as may occur 
if a bridge is located near a depot or yard entrance, that track loading is not a casual 
event. The loading must be taken as surely occurring. 

But even for such cases, the Probability Curve is of considerable value; it is prac- 
ticable to use the curve to modify the load for tracks with small probability values. 



THE RAILROADS 

(I) In Retrospect 
(II) In Prospect 

By L. C. RRITCH 

Vice-President, Chic^o, Rock Island & Pacific Railway 
Past-President, American Railway Engineering Association 

(I) IN RETROSPECT 

The Railroads are the backbone of transportation — now, have been and always 
will be. 

The progress of civilization, commerce and industry depends upon the railroads, 
which have made possible the achievements of the past century. More has been accom- 
plished during the past one hundred years in promoting civilization, wealth and prc^- 
perity on account of the pioneering of the railroads than in the precedii^ thousainis 
of years. 

Accepting as an undisputed fact that railroads occupy such an important place in 
our welfare, it is not conceivable that the people will permit the deterioration or de- 
struction of this basic industry upon which depends our very existence. 

Transportation is the most vital thing in our daily life. Suspend it for only a brief 
time and the suffering would be indescribable. 

Railroads up to twenty years ago had a practical monopoly in the .transportation 
field and as a result regulation in the public interest was necessary aiwl justifiable. 
This situation has been changed with the advent of motor vehicles, whkh have taken 
an important place in this field, and of necessity have affected transport by rail Tem- 
porarily, due to the lack of regulation of motor transport, there exi^ a conflict between 
the tw^o methods of transportation, rail and motor, the former subject to minute and 
intensive regulation, the latter free from any form of regulation. It fe only natural that 
until this new agency shall be economically adjusted to its proper s|^ere, including 
regulation in the public interest, difficulties will arise and affect the traffic on the rails; 
but in due time the public’s interest will, without question, require that all forms of 
transport be regulated and each assigned to its economic sphere, and when the is accom- 
plished the present difficulties will disappear. 

At the present time we have a surplus of transportation. This is partly due to the 
business conditions now prevailing, and partly to an exce^ of transport facilities of all 
kinds to meet even maximum demands in good times. This is an economically ui^ound 
condition. The total transport facilities of the country at present represent an invest- 
ment of about fifty billions of dollars, of which one-half represents the value of the 
railroads, and twenty-five billions the value of motor equipment, waterways, aeroplanes, 
etc. In the last analysis the public pays, and, therefore, a return must be made on thk 
huge investment or defaults must result. The rail transport plant at the present time is 
only used to about one-half its capacity of three years ago, and its potential capacity k 
about three times its present use. Other forms of transport are likewise suffering be- 
cause of the excess of transportation offered to meet the present reduced demands. 

There is no question as to the ultimate outcome of the present evolution, or revolu- 
tion, in transportation now in process, so far as the railroads are concerned. They 
always have been and always will be the most economicalj dependable and necessary 
form of transport, and when the demand returns with good business, the present gloom 
surrounding the railroad industry will be dispelled. 

Address delivered under auspices of Mid-Day Luncheon Gub, Springfield, 111., June 2, 1932. 
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A brief analysis will prove that the Tailroads occupy the premier position in the 
transport field. The freight traffic handled in this country in 1929, a good year, was 
divided as follows: 


Steam Railroads per cent 

Great Lakes and Inland Waterways 16 per cent 

Pipe Lines 5 per cent 

Motor Trucks 2^4 per cent 

Electric Railways and other means 54 per cent 


Take out the Great Lakes water transport and it leaves by land transport, Railroads 
90 per cent and Motor Trucks 3 per cent. Therefore, the rails carried thirty times the 
freight traffic carried by the trucks in 1929. The cost of transporting freight one ton- 
mile by truck is estimated at 1.6 cents, including all operating costs, except interest on 
the investment. The same cost by rail is 54 cents, or less than one-half the unit cost by 
truck. The economical radius of operation of the truck is from 100 to ISO miles; the 
railroad has no limit of economical radius of operation, but on the contrary the longer 
the distance handled, the greater the economy per unit of service, which is directly the 
reverse as applied to truck operation. 

The only serious inroads made upon rail transport traffic by the trucks is in the 
so-called less-than-carload traffic, the total of that class of traffic being less than 2^ per 
cent of the total freight traffic. Much of this traffic, for short hauls, is not profitable 
to the railroads and its loss means no appreciable loss in net revenues. 

While it is true that the inroads of the trucks on rail traffic of commodities of the 
car load class are increasing, principally in such commodities as cotton, coal, live stock, 
sand and gravel, yet owing to the longer hauls the trucks cannot compete with rail 
haul successfully, and regulation of trucks in handling such traffic will soon make it 
unprofitable for truck transport. 

Future regulation of motor trucks on highways wiU undoubtedly fix a maximum 
load of around five tons, as engineering experience indicates that highways should not 
be designed for greater than five tons capacity on account of excessive cost of construc- 
tion and maintenance. Some States, Texas for example, have a 354 ton limit. With 
these low limits of capacity and regulations as to rates and service, which must come in 
the interest of the public, the future economical sphere of truck operation will be lim- 
ited to a distance of 100 to 200 miles, and principally less-than-carload traffic within 
these limits, most of which the railroads would forego without appreciable loss in net 
revenue. 

The trucking of freight on the whole has not been a profitable business, owing 
largely to the unregulated competition now in effect. Legitimate and responsible truck 
operators would welcome reasonable regulation, as it would stabilize this business and 
result in profitable operations, versus bootleg competition and serious losses. 

With the trucking regulated and stabilized, railroads would engage in a co-ordination 
of truck and rail transport and successfully compete with truck operations, not only of 
owners, but contract and common carrier truckers, resulting in putting out of com- 
mission irresponsible trucks now operating at a loss and demoralizing the transport 
business, and which are a menace to the public in their use of the highways. 

The railroads should have no quarrel with truck manufacturers and legitimate and 
responsible truck operators. They should cooperate in securing reasonable regulations 
governing highway motor vehicle operations, as well as promoting a coordination of rail 
and truck operations, that would be of benefit to the public, which it is entitled to and 
will dema n d, and patronize that form of transport which is most reliable and economical 
and meets their needs. 
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We hear much complaint from the railroads of the inroads made by motor trucks 
upon the traffic of the railroads, but there is another side of the picture in the large 
volume of traffic which the motor vehicles have contributed to the rails in the way of 
tonnage due to the manufacture of motor vehicles, related industries, construction of 
highways, etc. 

The National Automobile Chamber of Commerce estimates that in 1930 the auto- 
motive industries and highway building contributed over 3,300,000 carloads of railroad 
freight, which represented 10.6 per cent of the total carload freight traffic transported 
by the railroads in that year. If these figures are correct, it more than offsets the loss 
in the traffic diverted from rail to motor truck transport. 

The difficulties surrounding this problem are not insurmountable, but a solution 
can be found by sincere co-operation between the railroads, truck manufacturers, oper- 
ators and users, to establish reasonable regulations as to use, service and rates, designed 
to allot to each form of transport its economical field of operation, as well as co- 
ordination between rail and highway transport, which would greatly relieve the con- 
gestion and destruction of highways, with ultimate beneficial results to all. 

The early solution of this problem is eminently desired in the public interest, which 
is always paramount and in the end must be met. 

A recent proposal has been made by some of the railroads that the Railway Express 
Agency, which is owned by the railroads, should take over and handle all the less than 
carload traffic of the railroads, in connection with truck operations, co-ordinating rail 
and highway transport and including pick-up and delivery service, thus giving to the 
public a dependable service, equal to or better than that which the present outside 
truck operators can supply, thereby recovering to the railroads a large part of this 
traffic which has been lost to the rails in the past few years. 

The Railway Express Agency, owned by the railroads, has an investment of 
$9,500,000 in motor vehicles and operates 8,846 motors and 444 trailers in city service. 
The outside truck operations have made heavy inroads on the express traffic, the same as 
in the L.C.L. rail traffic. Much of its motor equipment is idle and, with its splendid 
motor truck service as a nucleus, it could handle all the less-carload traffic of the rail- 
roads and successfully meet the competition of the motor truck operators. 

By co-ordinating rail and highway service a large part of the tonnage would he 
kept off the highways, reducing the cost of maintenance and construction of highways, 
thereby reducing taxes to the public, and render a more superior service to the public. 
Unless something of this kind is done, the railroads as well as the Express Company, 
will continue to lose their traffic to the motor trucks. 

The cost of the present highway systems is a huge burden upon the public in the 
form of taxation. In 1929 alone this cost is estimated at $1,718,000,000— a tremendous 
sum, of which a large part could be saved to the public by proper regulation of motor 
service and keeping the heavy traffic off the highways and putting it on the rails, where 
it was designed to be carried. 

The diversion of passenger traffic from rail to highways is far more serious than the 
diversion of freight traffic. Since 1920, when the passenger traffic was at its peak, there 
has been a steady decline in passengers handled, the decrease from 1920 to 1930 being 
43 per cent. This is due first and foremost to the use of the private automobile, and 
second to buses. 

The loss to the rails in short haul travel, approximately distances of 100 miles or 
less, has been greatest. A striking figure is the average miles travelled per person per 
annum, which in 1920 was 440 miles and in 1930 218 miles, or less than one-half. 
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The loss in passenger revenues indicates the vital effect which this has had on the 
revenues of the carriers. In 1920 the passenger revenues were 5^1,288,000,000; in 1930 
$730,000,000, or a loss of $558,000,000, or 46 per cent. 

There seems no possibility of recovering the losses sustained by the railroads to 
highway transport in its passenger traffic unless it is in meeting more fully the rates 
prevailing on buses, and by a reduction in present passenger rates to make it more 
economical to use the rails rather than private automobiles. 

The present basic rate in passenger service of 3.6 cents per mile was a war-time 
rate. In 'Pullman cars, a surcharge of 50 per cent of the Pullman rate is made. Many 
complaints are made, and doubtless much passenger traffic has been lost to the private 
automobile and bus, on account of the present rates. Suggestions have been made and 
some experiments conducted to recover passenger traffic by reducing the rates in coaches 
to 2 cents per mile. Low rates for short periods of time have been put into effect to 
recover lost travel, but to no avail. The decline continues and it seems necessary to take 
drastic steps to make the travel by rail more attractive as to rates and service, but what 
definite steps to take has been the despair of the passenger traffic officials. 

Many railroads favor a straight 2-cent per mile rate in coaches, with the estab- 
lishment of the old mileage tickets to induce traveling salesmen to use the rails, and a 
3-cent rate in sleepers, without any surcharge. The average rate in the Western Dis- 
trict in 1930 was 2^^ cents, which would indicate that if present low rates of as low as 1 
cent per mile were discontinued and a rate of 2 cents in coaches, and a 3-cent rate in 
sleepers established, the same number of passengers now carried would produce the same 
revenue, with the hope of largely increasing the number of passengers carried and, there- 
fore, the total revenues. 

Many who now use the private automobile no doubt would use the rails if the 
rates were reduced, and it seems that such a plan is worth a thorough test. Former 
tests were not comprehensive enough as to time and territory. 


PIPE LINE COMPETITION 

A greater menace to the railroads by the diversion of large volumes of freight traffic, 
than even the use of trucks to date, arc the pipe lines which transport an increasingly 
heavy tonnage of crude and latterly refined oil, such as gasoline. 

In 1929, in the Southwestern States alone, there were 50,000 miles of pipe line 
in service and during that year transported 728 million barrels, equivalent to 129 mil- 
lion tons of traffic. During the same year the railroads in the same region transported 
3,250,000 tons. The revenues in 1929 of -oil handled in pipe lines at 25 cents per barrel 
was 197 millions of dollars. Approximately 5 per cent of the total inland tonnage in 
1929 was transported by pipe line.s, or twice the tonnage transported by trucks. The 
railroads in 1929 transported only 4,5 per cent of the total oil production. 

The investment in the 100,000 miles of pipe lines in the U. S., including main 
trunk lines and branches, is over two billion dollars. 

The newest development of transporting gasoline by pipe lines is making further 
inroads upon railroad tonnage. Gasoline pipe lines now extend from Oklahoma and 
Texas to St. Louis, Omaha, Kansas City, Chicago, Milwaukee and Minneapolis. In 
the East pipe lines extend from the refineries at Bayonne, N. J., into Ohio and Pennsyl- 
vania. About 3,800 miles of gasoline pipe lines are now in service. These pipe lines 
operate in connection with trucks and barges, covering extensive terminal and lateral 
territory. 
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Another phase of pipe line competition with the railroads is the transportation of 
natural gas. There are now about 65,000 miles of natural gas pipe lines. These pipe 
lines gridiron the countr>’ tributary’ to the natural gas fields and for many miles in all 
directions. In the East, extensive natural gas lines traverse Ohio, Pennsylvania, West 
Virginia, Indiana and Kentucky, and Atlantic seaboard cities, Washington and north. 
In the Southeast and Southwest, the territory is thoroughly covered, reaching Chicago, 
Indianapolis, Macon, Ga., Pensacola, Fla. In the West, pipe lines extend throughout 
California, Arizona, Wyoming, Montana, North and South Dakota. 

The increasing use of gas, as well as fuel oil, moved by pipe lines and tank steamers, 
has caused a substantial decline in coal tonnage previously handled by the railroads. 
In 1930 Pennsylvania produced 18 million less tons of anthracite than in 1920, and 15 
million tons less than the annual average of 1909 to 1913. It is estimated that in 1929 
natural gas alone displaced 77,500,000 tons of bituminous coal in the United States. 

For many years the transportation of crude oil by pipe line had a serious effect, 
not only upon the tonnage, but the rate on crude oil and its products. Now we have 
an added competition due to the gasoline and natural gas pipe lines, which latter greatly 
affect the tonnage and rates on coal. 

A further curtailment on the use of coal is the construction of central power 
plants, both water power and steam, with resultant transmission of electric power over 
widespread areas. 

Ways and means of meeting this ever-increasing and intensive competition by pipe 
lines is of far greater importance than truck competition, and if the railroads shall 
survive, this competition must be successfully met, either by making such rates as will 
meet this competition, or taking over the pipe lines into a comprehensive transportation 
plan, which shall include all forms of transportation. 

The transportation of oil or other commodities, except natural or artificial gas, by 
pipe lines is subject to the jurisdiction of the Interstate Commerce Commission. While 
these pipe lines, with the exceptions noted above, are considered common carriers and 
subject to the Transportation Act, no investigation has thus far been made to see if 
their operations are being conducted in the public’s interest. 

The economy of the gasoline pipe line has not as yet been demonstrated. 

The Great Lakes Pipe Line Company has built a line from Texas to Chicago at a 
cost of twelve millions of dollars, or about ^,600 per mile. A parallel railroad handles 
at present about 9 per cent of the petroleum and is capitalized at about ^50,000 per mile, 
or $4,500 per mile for petroleum traffic handled. This is only about one-half the pipe 
line cost. It is an open question if pipe lines for handling refined petroleum will be 
justified economically and practically . 


WATERWAY COMPETITION 

The water competitors of the railroads handle a substantial and increa^i^ portion 
of the freight traffic of the country. The important services now rendered by watar are: 

Coastwise Domestic Service.— Operating between important Atlantic, Pac& and 
Gulf Coast ports. This service handled in 1980, 118 million net tons. It serves not 
only port-to-port traffic, but in connection with rail lines reaches far inland. For ex- 
ample, traffic is handled from interior New York and New Ei^nd to the coast by rail, 
thence by water and on to the interior of the States in the Southeast aiKl Southwest by 
rail. 

Traffic as far west as the Missouri River, destined to Pacific interior points, is 
handled by rail or barge and rail to Atlantic and Gulf ports, thence throu^ the Pamma 



742 


The Railroads — In Retrospect; in Prospect 


Canal to the Pacific Coast and thence by rail to interior points. Similar movements 
occur in the reverse direction. 

Great Lakes Service. — Operating during the season of navigation (about seven 
months in the year), handled in 1930, 110,000,000 net tons of traffic. Formerly the 
railroads operated service on the Great Lakes in connection with rail lines, but were 
compelled by law to dispose of their vessels and discontinue this important and valuable 
service. 

Mississippi and Warrior Service. — The most important service on these waterways 
is the Inland Waterways Corporation, owned, operated and subsidized by the U. S. 
Government. 

It is the announced policy of the Government that it does not intend to perma- 
nently engage in water transportation, but only until such time as private capital will 
take it over and operate it. No private capital will ever be keen to engage in a losing 
enterprise and if the figures quoted showing a net loss in operations of the Federal 
Barge Lines and the Warrior River Terminal Company in 1929, of $72,798 are correct, 
the Government will continue to operate it and the taxpayers will make up the deficit. 

The consolidated balance sheet of the Inland Waterways Corporation for the year 
ended December 31, 1930, shows assets of $19,111,000, in which is included $12,000,000 
cash subsidy by the Government and the balance repi*esents public property assigned to 
the Corporation. 

The Corporation pays no taxes, nor any interest charges on capital expenditures 
made by the Government. 

The Government has expended on the Mississippi~Ohio River system alone from 1824 
to 1929 four hundred and sixty-nine millions of dollars for navigation purposes, of 
which the amount for new work, not including maintenance, is three hundred and 
twenty-two millions of dollars, or at the rate of $23,800 per mile. 

The tonnage handled on the Mississippi River, between Vicksburg and Now Orleans 
and between Cairo and Memphis, in 1930 was 12,000,000 net tons. On the Warrior 
River 1,500,000 tons, and on the Ohio River twenty-two million tons. 

The cost of handling trafhe on the Mississippi and Ohio Rivers in 1929 compared 
with the cost of rail transportation, after all the elements of cost are included, is as 
follows: ’ 

Mississippi River: 

Water 

Rail 

Ohio River: 

Water 

Rail 

The taxpayer, and not the shipper, is making up the deficit in the cost of water 
transport, and always will. The average speed of barge tran.sport is five miles per 
hour, by rail 15 miles per hour. The average distance between common distance points 
is 50 per cent greater by water than the direct rail route. Taking speed and distance 
into account, two points 400 miles distant by rail and 600 miles by water, would be 
served m 26% hours by rail and 120 hours by water, or nearly five to one in favor of 
the rails, and at less ultimate or total cost per unit of service. 

Waterways provide cheap transportation only when supplied and maintained by 
nature, free of cost, but when subjected to artificial means, such as deepening channels, 
coMtructmg locks and dams and maintaining them, plus expenditures made under 
pohtical administration, it is the most expensive transportation in the world, and no 
pnvate concern would engage upon it, excepting on the natural waterways 


Per ton mile 

1.1 cents 
1.0 cents 

1.2 cents 
.9 cents 
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The New York Barge Canal is an example in point: The canal is S25 miles long, 
entirely within the State of New York, constructed, maintained and subsidized by the 
State. The cost from 1905 to 1930, not including the cost from 1817 to 1905, on which 
latter date it was improved, is the stupendous sum of one hundred and seventy-six 
millions of dollars, or at the rate of $335,000 per mile. The cost per ton-mile, all costs 
included, in 1929 was 19.4 mills, as against the cost, if handled by the railroads which 
parallel it, of 10.9 mills per ton mile, or about one-half. Only 3,600,000 tons of freight 
were handled in 1930. A railroad capable of handling this traffic could have been built 
for one-fourth the cost and could have handled the traffic at one-half the cost, as against 
the Canal operation. Furthermore, the New York Barge Canal is icebound as much as 
five months during severe winters. 

The railroads have no quarrel with Waterways as. such. They argue with Justice 
that they should be free to all, including the railroads, which are barred from them, and 
that they should not be subsidized by the Government, nor embark upon competition 
and name a rate which is 20 per cent below the rail rate, and insisting that the water 
rate shall include all elements of cost. 

The railroads are now prohibited from competing with water rates via the Panama 
Canal, which is depriving the railroads of millions of tons of traffic. Recently the South- 
ern Pacific Railway applied to the Commission to reduce its rail rate ten per cent 
between New Orleans and Galveston and the Pacific Coast, to enable it to retrieve some 
of its lost traffic. This application was denied by the Commission on the ground that 
the railroad rate was not remunerative and yet thousands of empty cars are now being 
handled by the railroad company that could be loaded and handled at slight increased 
cost. 

If the taxpayers knew the real facts about the cost of construction, operation, 
maintenance and subsidies of the Inland Waterway Development— the real cost of water 
transport, as the railroads know their costs, they would, to put it mildly, he amazed, 
and perhaps indignant, and insist upon stopping this waste of money. 

TRANSPORTATION ACT OF 1920 

The railroads were taken over by the United States Government January 1, 1918, 
as a war measure and operated as one system. 

On March 1, 1920, their physical condition depreciated and with credit more or less 
impaired, they were returned to their owners. 

In order to save the railroads it was neces.sary to pass legislation to aid them in 
the process of rehabilitation, and accordingly the Transportation Act of 1920 was passed, 
effective March 1, 1920, and was received with great acclaim as the most constructive 
legislation designed to pre.serve the integrity of the railroads which had been put into 
effect in the past twenty-five years. 

The important features of the Act of 1920 are as follows: 

1. It directed the Commission to initiate, modify and establish just and reasonable 
rates so that the carriers as a whole (or as a whole in each rate group, as the Com- 
mission may designate) ^ will under honest, efficient and economical management and 
reasonable expenditures for maintenance, earn an aggregate annual net operating in- 
come, equal as near as may be to a fair return upon the aggregate value of the railway 
property held for and used for transportation purposes. 

2. A plan for the consolidation of the- railways into a limited number of .systems. 

3. It provided that if any road earned more than a prescribed return, one-half 
such excess shall be returned to the Government to be loaned to weaker roads on good 
security at 6 per cent. 
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4. It provided for arbitration and handling of labor disputes. 

The Commission first fixed 6 per cent as a fair return for two years and on 
March 1, 1922, placed the fair return at 534 per cent. The Commission made a hori- 
zontal increase in freight rates in 1920 of 30 per cent, and on March 1, 1922, when it 
reduced the rate of fair return from 6 per cent to S'}4 per cent, reduced the rates 10 
per cent. 

It is an interesting point that the Commission, as its first act under the new law, 
fixed the tentative value of the carriers’ property for rale-making purposes at 
$18,900,000,000, while the book value of the railroads’ balance sheet at that time was 
$20,000,000,000, or a difference of only Sj4 per cent, and brought down to date is only 
about 4 per cent. So that after nineteen years of laborious valuation of the railroads, 
in which the Government has expended about forty million dollars, and the carriers 
about one hundred and thirty millions, there is only a difference of about 4 per cent 
in the two valuations, showing the utter needlessness and absurdity of the minute and 
expensive valuation, which will never be ended and will remain a continual expense to 
the carriers and the taxpayers. As someone has aptly said, “The Railroad Valuation 
caused a mountain of labor and brought forth a mouse.” 

Has the Transportation Act of 1920 been carried out as Congress directed and as 
the public and the railroads had a right to expect? 

The feature pertaining to a schedule of rates, initiated and adjusted by the Com- 
mission to enable the carriers to earn a fair return on their investment, has been a 
complete failure and is the direct cause of the condition in which the railroads find 
themselves at this time. 

The Commission itself established a return of 6 per cent from March 1, 1920, to 
March 1, 1922, and per cent thereafter, and it has not been changed since. 

What has been the result? The rate of return has been as follows: 


1920... 

. . .08 per cent 

1924... 

. . 4.2 per cent 

1928... 

. . 4.6 per cent 

1921... 

.. 2.9 

per cent 

1925... 

. . 4.7 per cent 

1929... 

. . 4.8 per cent 

1922... 

.. 3.6 

per cent 

1926... 

. . 4.9 per cent 

1930... 

.. 3.3 per cent 

1923... 

.. 4.3 

per cent 

1927... 

. . 4.3 per cent 

1931. .. 

. . 1.9 per cent 


In the ten years 1920 to 1930 the railways earned less than the standard rate fixed 
by the Commission of 5^ per cent by an amount of $2,574,000,000. If the law had 
been carried out as Congress intended, the railways would have been able to pass 
through the present crisis without asking the aid of the Government to keep them out 
of bankruptcy. 

The Commission has literally carried out the law with respect to the regulation 
governing the issue of securities and other regulations, restricting the activities of the 
carriers, but the most important feature remains unfulfilled. 

The railroads were required to operate their properties honestly, efficiently and eco- 
nomically. Have they fulfilled their <^uty under the law, which is coupled with the 
requirement to enable them to earn a fair return on their investment? 

From 1920 to 1930, $8,381,000,000 additional capital was expended in improvements 
to Roadway Equipment and Structures to produce more economy in operation. 

The cost of freight transportation per 1000 revenue ton miles was reduced from 
$10.66 in 1920 to $7.43 in 1930. 

The equipment capacity of freight cars was 41.9 tons in 1920, and 46.7 tons in 1930. 

The capacity of locomotives in average tractive power was 35,789 in 1920 and 
45,408 in 1930. 

The fuel consumed in freight service was 197 lb. per 1000 gross ton miles in 1920 
and 130 lb. in 1930. 
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The miles per car per day was 25.3 in 1920 and 35.7 in 1930. 

The loss and damage to freight was 138 millions in 1920 and 38 millions in 1930. 
The number of pa.ssenger fatalities in 1920 was 229, and in 1930, 61. The number 
of employee fatalities in 1920 was 2,578, and 977 in 1930. The number of passengers 
injured was 7,591 in 1920, and 2,666 in 1930. Employees injured in 1920 totaled 149,414 
and in 1930 this total was reduced to 35,872. 

The average speed of freight trains was increased from 11 miles per hour in 1920 
to 15 miles per hour in 1930. 

These accomplishments indicate that the railroads have fully complied with the 
requirements of efficient and economical management. 

As to the honesty of the management, the fact that every activity of the carriers 
as to the accounting, rate-making and their application to issue certificates, and every 
other phase of their operation is minutely prescribed and policed by the rules and orders 
of the Commission, so that any dishonesty is promptly detected and punished, leaves 
no doubt as to this requirement having been fulfilled. 

Attesting to the efficiency of railway service, Secretary Lament, in his recent annual 
report, states: 

“At present it takes only one-half to two-thirds as long to move goods a 
given distance as it did a decade ago. The increasing efficiency with which traffic 
is handled has enabled producers to make quicker deliveries and distributors 
are able to carry smaller stocks and turn over their capital more quickly.” 

The savings in interest on capital involved in goods in inventory is estimated at 
over 100 millions of dollars annually, equivalent to about 2K> per cent on the total 
freight chargc.s paid. 


INTERSTATE COMMERCE COMMISSION 

The Interstate Commerce Commission is the most powerful governmental regulating 
body in the world. 

It lia.s under its direct control the de.stinies of the capital invested in the railroads 
of the country, estimated at twenty-five billions of dollars, and indirectly the welfare of 
the 70 million insurance policyholders, invc-stors in railroad securities, banks and trust 
companies; in fact, their decisions affect every man, woman and child in this country. 

This grave responsibility is exercised by eleven men who are appointed by the 
President and confirmed by the United States Senate. There is no more conscientious 
and hardworking body of men in the public service. They have rendered valuable 
service to the public in guarding its interest, which is paramount; they have elevated 
the standard of ethics of the railroad profession, until it stands first; they have pro- 
tected even the railroads from aggression among themselves, and they have changed the 
former hostile attitude of the public against the railroads. 

The Commission realizes now that the rail-roads hold no monopoly on transporta- 
tion; that the railroads are worth more than their capitalization, and, most important, 
that the present rate structure is not adequate even in fairly prosperous times to afford 
a fair return, and they respect the inviolability of private capital. 

It is possible that owing to the varied and infinite details devolving upon the 
Commission, under their interpretation of the law, under which they are created and 
function, their perspective may be distorted and in their zeal to protect the public's 
interest they are unable to accord the carriers the measure of justice to which they 
claim to be rightly entitled. 
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The Commission claims that many of the ills of the carriers are of their own making 
and if they are not content with things as they are they should apply to Congress for 
relief in the form of legislation to modify their functions. 

It is clear that the functions of the Commission are too broad and voluminous, and 
beyond their physical ability to perform, distracting them from the essential duties of 
protecting the public’s interest and at the same time rendering justice to the carriers 
and the large and important interests which they represent. 

It is certainly in the public interest that the railroads shall be preserved to serve 
the people adequately and economically. The Commission’s interest, as well as that of 
the public and the carriers, would be conserved by the elimination of many regulations, 
rules and investigations which serve no useful purpose. 

The valuation of the railways is a case in point, inaugurated in 1913, nearly twenty 
years ago. It has cost the people and the carriers nearly two hundred millions of dol- 
lars, is not yet completed, never will. be, and could have been determined by the Gov- 
ernment’s accounting forces within four per cent of the results obtained in years of 
laborious effort. The law should be repealed. 

There are various rate hearings, such as the class rate and grain rate cases that drag 
their course through four to seven years before decisions are reached, and when reached 
conditions have changed that nullify the decisions. 

A lesson might be learned from our friends, the Board of Railway Commissioners 
of Canada, which decides cases quickly and without the delay and its ill effects that 
obtain under our procedure. 

The public is demanding a change in the function of Government Bureaus and it 
would receive responsive consideration from the Commission, as well as from the rail- 
roads, if the duties and functions now prescribed by law were modified and simplified. 


(II) IN PROSPECT 


What is in prospect for the future of railroads? 


The problems of agriculture and the railroads are two of the most important ques- 
tions confronting the country at this time. Upon the solution of these depends the 
welfare of our country at this time. 

One-half of our people depend directly upon agriculture and one-half upon the rail- 
roads. Indeed agriculture is even more dependent upon the railroads than upon any 
other industrial activity. 

Our population of 123 millions are active, virile and energetic, with the greatest 
potentiality as producers and consumers of any like population in the world. 

In natural resources we are one of the greatest, if not the greatest nation in the 
world— with coal, oil, timber, precious metals and minerals in vast stores. 

The gross income from leading crops last year was more than seven billions of 
dollars. 


Savings deposits are -at a record peat of over 28 billions of dollars and the number 
of depositors at 59 million, or 40 per cent of the entire population. 

Life insurance policies total 109 billions of dollars, with millions of holders-the 
largest volume in our history. 

We have about five billions of dollars in gold piled up in our National treasury. 

With all this plethora of wealth and resources we are passing through a crisis— the 
most severe in the history of our Republic. 


in 


The same characteristics that founded this Nation and created the greatest Republic 
the world, despite difficulties which, in comparison to those confronting us today. 
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seemed insurmountable, will carry us safely through the present crisis to even greater 
achievements than any heretofore accomplished. 

It is inconceivable that in the solution of our problems a people, who are so vitally 
affected by the most basic industry — ^the railroads — which was created by them and for 
them and is actually their own, will permit the destruction, or even the deterioration, of 
this vast enterprise. 

An abiding faith in the ultimate justice of the American people is a guaranty that 
that will not and shall not be done. 

The people must be aroused to the seriousness of the situation as it confronts the 
railroads. 

What would happen to the millions of policyholders of billions of dollars in insur- 
ance; to the millions of holders of billions of dollars in savings banks and trust funds; 
to the millions of railroad securities holders, if this basic industry became insolvent? 
It would result in the greatest calamity that could befall this Nation since its birth; and 
could easily mean the destruction of our civilization. 

History records that crises arc never averted until the people are made cognizant 
of and thoroughly arou.sed to a situation, and then with grim determination act swiftly 
to avert a calamity. 

There is precisely such a situation confronting the people at this time respecting the 
railroads. 

In the short period of a century they have built up a magnificent machine with 
their own investment of 25 billions of dollars, affording employment and subsistence 
to a vast army of fine citizens. The splendid machine has served them well, created their 
wealth, contributed to their happiness and welfare. 

Shall this basic industry be discarded for new forms of transportation which have 
suddenly developed and are encroaching, without control, upon the legitimate field and 
threatening the very existence of the railroads? 

The verdict is entirely in the hands of the people, but their’s likewise will be the 
responsibility for the results. 

The majority of the people do not want Government ownership of and operation 
of railroads. From the experience of the wartime experiment it would prove expensive 
and demoralizing to the commerce of the country. 

In taxation, immediately about 400 millions of dollars in taxes would be with- 
drawn, increasing the public tax burden by that amount. It would build up a political 
control that would be disa.strous. Unless something is done to come to the aid of the 
railroads and the present conditions of unregulated competitive transportation continue, 
the possibility of Government ownership and operation looms large on the horizon. 

The solution is so simple— and the people are beginning to slowly realize it— it lies 
in the proper and reasonable regulation of all forms of transportation. 

The railroads have been, and are, regulated to the point of strangulation. The other 
forms of transportation are permitted to operate without practically any regulation. 

What Abraham Lincoln said of slavery is equally true of transportation. He said 
“No Nation can live half free and half slave.” Likewise it can be said commerce and 
the Nation cannot prosper with one-half of the transportation, the railroads, with an 
investment of 25 billions of dollars, regulated to the minutest degree, and the other 
half, likewise an investment of about 25 billions of dollars, practically unregulated. 

When the people begin to realize that we have in this country about 50 billions of 
dollars invested in transportation, which is more than the country can economically 
support even in prosperous times, and that the losses resulting from the economic waste 
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come out of the pockets of the people in some form or another, they will begin to 
appreciate the necessity of doing something about it. 

The railway employees are doing their utmost to sound the alarm and acquaint 
the people with the dangers confronting them, but arc met with charges of bad faith 
and as propagandists in their own selfish interest. 

Under our form of Government there is guaranteed to all equal rights under the 
law, the rights of persons and the rights of property. If one class of persons, or one 
class of property, is restricted in the enjoyment of these rights, and another class is 
without restrictions, then there is no equality under the law, and injustice is done to 
the regulated class. 

This is precisely the situation which confronts the people today in regard to trans- 
portation — the greatest necessity of our daily life. 

The railroads do not ask charity or favors. All they ask is justice and equality 
under the law, alike to all, without favor or discrimination, and that they too be allowed 
the same guarantees of the right to life, liberty and the pursuit of their own business, 
that is now being denied them, knowing full well that they can meet any form of com- 
petition that may present itself, if it is fair, open and above-board. 



RAIL GAGE PLATE ADOPTED BY THE SOUTHERN 
PACIFIC COMPANY 

By W. H. Kirkbride 

Chief Engineer, Southern Pacific Company, Pacific Lines 

While the use of preservative treatment of railroad ties has effected large 
economies through the prevention of decay, all of the benefits of this treat- 
ment are not being fully realized due to the mechanical wear and destruction 
of the ties before decay necessitates their replacement. 

Our records indicate that of all treated ties removed from track, forty to 
fifty per cent of these removals were due to causes other than decay. 

While mechanical wear affects the life of wood ties in nearly all locations, 
it reaches a maximum and becomes a serious problem in territories where the 
curvature is sharp and the volume of traffic is heavy. 

Under these conditions, the mechanical wear may so shorten their life as 
to prevent the economical use of treated ties. 

This has been the experience of the Southern Pacific Company on its 
mountain grades. In this curved track territory, the service life of the tie is 
determined by destructive forces other than decay. 

Experience has shown that under heavy traffic, the life of fir and pine ties 
on curves of eight to ten degrees was about three years. Consequently, the 
use of creosoted tics, or ties treated by other preservative processes, was not 
justified and untreated ties were used. 

Not only was the life of these untreated ties shortened to about one-half 
of the natural life of untreated fir, but also the opportunity of securing the 
economies of a long life by preservative treatment was lost. 

Studies made in an endeavor to find corrective measures for this mechan- 
ical destruction showed that it was occasioned by combinations in varying 
degrees of the following repeated processes: 

(1) The tipping outward of the rail under the thrust of locomotive drivers 
and car wheels, resulting in the widening of the gage and in the rail cutting of 
the ties. This necessitates the repeated adzing of the tie and respiking of the 
rail. 

(2) The widening of the gage by the curve wear of the ball of the rail, 
necessitating regaging. 

(3) The respiking of the ties due to the renewal of the rail on curves. 

(4) ' The abrasive action of the tie plates on the tie, due to a lateral and 
horizontal movement and to a vertical, or teetering action of the plate, this 
action being augmented by grit and water accumulating between the plate and 
the tie, particularly on the mountain grades where large quantities of sand fall 
upon the plate from locomotives incident to sanding the rail, resulting in tie 
plates, aided by these abrasive agents, wearing away the wood fibers and em- 
bedding themselves into the tie. 

(5) The brooming and splitting of the ties under the shattering effect of 
heavy axleloads. 
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Not only did these various processes seriously decrease the life of the tie 
but they combined to increase the frequency and amount of resurfacing and 
relining of the track. 

The use of canted tie plates, heavier rail and rail anti-creepers assisted to 
decrease these destructive processes, but only about to the extent that they 
were being increased by longer locomotive wheelbase and heavier axleloads. 

Experiments as to preventive measures which could be taken, led to the 
design and test of the Rail Gage Plate. This plate is illustrated in photograph 
No. 1 and consists of a steel plate which conforms in width to the tie, but is 
several inches longer than the tie plate to be used. Two flanges project down- 
ward along the side of the tie, through which a bolt is inserted. An upturned 
outer end flange engages the outer edge of the tie plate. 

The gage plate is supplementary to the tie plate and is placed under the 
tie plate and directly on the tie. It can be applied level with the top of the 
tie or the tie can be adzed, depending upon the amount of cant that is desired 
in the running rails. It is fastened to the tie by means of a bolt passing hor- 
izontally through the downward side flanges and the tie. 



Photograph No. 1. 

Model illustrating application of Rail Gage Plate showing ensemble of rail, canted tie 
plate, the rail gage plate, and tie. 
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Spike holes are provided in the gage plate conforming to the punching of 
the tie plate in use. These holes -are so spaced that when the outer edge of 
the tie plate is hard up against the outer upturned end flange, the rail-holding 
spikes can be driven to perform their usual functions. An additional spike is 
provided for at the inner edge of the tie plate to hold the tie plate tight against 
the outer end flange and prevent vibration and also to assist in holding the 
gage of the track. 

The process of manufacture is simple, involving only shearing, punching 
and forming machinery. The plates are cut from metal sheets of commercial 
width and length and so laid out on diagonal lines that very little waste of 
material occurs except from the punching of the spike and bolt holes. 

The first installations on the Southern Pacific Lines were made in 1926 on 
ten-degree curves on the mountain districts carrying heavy tonnage. Untreated 
ties were used and these were pre-adzed and bored. The bevel of the dap was 
sufficient to provide a 1 in 20 cant to the rail when the standard tie plate, 
which is canted 1 in 44, was placed on the plate. 

These test installations soon showed a decided decrease in the mechanical 
destruction of the tie and also a large decrease in the labor incident to the 
adzing, regaging, lining and resurfacing of the track. 

Inspection showed that the rail was being held to its proper position and 
curves which formerly required regaging twice a year were remaining in proper 
gage. 

Six years’ experience has proven that the wear on the rail head, due to the 
action of the flanges of the wheels, has had but little effect on the gage of the 
track as long as the rail is held in its normal position with respect to the tie 
and its base kept at true gage by means of the rail gage plate. Further exper- 
ience showed that where it was necessary to transpose or relay the rail on the 
curve, this could be accomplished without removal of the outside spikes or the 
adjustment of the gage plate as these had i-emained at proper gage. 

Photograph No, 2 shows one of these original test installations on the 
Sierra Nevada Mountains where the gage plates were installed in December 1926 
on a ten-degree curve, under 110-lb. rail in the west-bound main track. 

In November 1928, the 110-lb. rail was transposed from outside to inside 
and in July 1930, was replaced with 130-lb. P. S. Section. Each of these rail 
changes was made without a change in the gage plate. The original ties are 
intact and have now been in service six years and one month, or twice the life 
formerly obtained from these untreated fifties. 

Photograph No. 3 shows one of these ties which was removed in March 
1931, for inspection purposes and indicates that the elimination of mechanical 
destruction has practically been accomplished. 

Tests made using creosoted ties indicated that with the gage plate, treated 
ties can be used on sharp curves and obtain the economies of the long life 
afforded by the preservative treatment and that these ties will remain in track 
for many years without the necessity of regaging. 

As the result of these tests the Rail Gage Plate was adopted as standard 
by the Southern Pacific Company in December 1930 and since that date is 
being used on all the heavy traffic lines for the protection of track ties on 
curves, also for bridge ties on steel spans. Present tests indicate that econ- 
pmies also can be obtained by their use in tangent track which is subjected to 
heavy traffic and heavy power. 
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Photograph No. 2. 

Illustrates application of rail gage plates on Southern Pacific Company, Pacific Lines. 
These plates are on ties in the westward main track on a 10-degrce curve near Colfax, 
California. Plates were installed in December, 1926, under 110-lb. rail which had pre- 
viously been laid in the same year. In November, 1928, the llO-lb. rail was transposed 
from outside to inside and in July, 1Q50, the 110-lb. rail was changed out to 130~Ib. P.S. 
Section rail. All of this work was done without change in the gage plates. These same 
ties have now been in the track six years and one month. 



Photograph No. 3. 


Untreated fir tie, equipped with rail gage plate, removed from same 10-degree curve 
shown in Photograph No. 2 near Colfax, California, on westward main track of Southern 
Pacific Company. The other ties on this curve all equipped with plates, are in similarly 
good condition, having now been in the track for six years and one month, having been 
installed in December, 1926. 
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The Southern Pacific Company opeiates its own creosoting plants and ties 
arc incised and spike holes bored before treatment; the spacing of the spike 
holes being determined by the weight of rail and degree of curve where the 
ties are to be used. 

For application of rail gage plates the ties are also adzed by a revolving 
cutter to provide a seat for the gage plate; the top being beveled sufficiently 
to provide 1 in 20 cant to the rail when the tie plate with a cant of 1 in 44 is 
placed on the gage plate. By the use of a gage clamped to the tie and air 



Photograph No. 4. 

Application of gage plates. Cape Horn — ^Eastward track, Curve 150, looking west. 
Showing curve gage plates with guard rail installation. Plates installed October, 1929, 
Picture taken December, 1930. 

operated bits, the horizontal bolt holes are drilled to their exact location rela- 
tive to the spike holes. The ties are then creosoted and shipped to the track 
forces upon requisition. The rail gage plates and bolts are shipped by the 
Stores Department direct to the job and are applied in the field by the track 
forces. As these installations are made during tie renewals or other track 
replacements, very little additional labor is necessary. 




754 


Rail Plate, S o u t h e r n P a c i f i c Company 


When found desirable to apply the gage plates to ties already in the track, 
this can readily be done by cribbing out a small amount of ballast and boring 
a horizontal hole in the tie by means of a light weight hand boring machine, 
such as we use in check-bolting ties in track. The gage plate is then applied 
and bolted to tie, tie plate inserted and spikes driven. It is also possible to 
apply creosote oil under pressure to the newly bored bolt holes by means of a 
small portable tank actuated by a hand pump. The oil under pressure is 
applied through an alemite connection to the tie. 

Washers made from the plate scrap are furnished and in cases of an under- 
size tie a washer can be inserted between the tie and the flange of the plate on 
one or both sides of the tie, to afford a close fit when the bolt is tightened. 
With sawn ties these washers are seldom necessary. 

It was expected that strain on the bolt, in the course of time, would 
elongate the diameter of the hole in the tie and a small beveled semi-circular 
shim was provided which could be inserted in the hole under the head and nut 
of the bolt, to take up any play which developed. Experience to date has 
shown no elongation of these holes and the use of these beveled shims has been 
unnecessary. 

The benefits which have been obtained from these rail gage plates may be 
summarized as follows; 

(1) The rail is held rigidly to its established position and wide gage or 
spread track is prevented. 

(2) The tie plates maintain their true position in relation to the rail with 
the shoulder tight against the rail base. 

(3) The ties are protected from the abrasive action of the tie plate. 

(4) Spikes are driven vertically and to true gage position when first in- 
stalled and act in unison in resisting the thrust of the wheels. 

(5) The wood fibers in the upper part of the spike hole are protected 
from severe stress due to the initial pressure of the tie plate against the top of 
the spike by the substitution of the metal between the tie plate and the tie. 

(6) The canting over of the rail with its accompanying dangers of spread 
track is prevented by the holding of the ball of the rail to its true position 
relative to the wheel treads, thus securing the maximum service life of the rail. 

(7) The horizontal bolt of the gage plate acts as a check bolt and with 
the downward side flanges of the plate, boxes in and binds the vertical fibers 
of the tie, preventing its splitting and brooming. 

(8) - By the elimination of the mechanical destruction of the tie, its service 
life is prolonged. This permits the use of treated ties in curved track and 
obtains the economies of the preservative treatment of these ties. In addition, 
this elimination of mechanical destruction results in a saving of track labor 
previously expended in track repairs which were made necessary by this same 
mechanical destruction. 

The savings to be made by the use of this rail gage plate depend upon the 
cost and kind of available ties and upon labor rates of pay. Large savings in 
labor and material have resulted in the curved territories in which they have 
been applied and a conservative estimate indicates that a saving of 25 cents 
per tie per year is resulting from the use of creosoted fir cross-ties equipped 
with these gage plates, as compared to the use of the untreated fir tie with 
only the ordinary tie plates. 
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DISCUSSION ON UNIFORM GENERAL CONTRACT FORMS 

(For Report, se^ pp. 125-129) 

Mr, F. L. Nicholson (Norfolk Southern); — ^The report of the Committee on Uni- 
form General Contract Forms will be found on page 125 of Bulletin 349. The report of 
this Committee is one almost entirely of progress. 

The subjects assigned and now under consideration by the Committee are of such 
nature as to require collaboration with other committees of this Association, and in addi- 
tion thereto conferences and correspondence with other organizations, having to do with 
the use of such forms, with the view to reconciling, as nearly as possible, the differences 
of opinion and interests, thus when the forms are completed and ready for action by this 
Association they will be acceptable as a fair guide or base from which contracts or agree- 
ments may be prepared to cover any local condition, and can be used, in most cases, in 
the exact form as recommended. It should not be expected, however, as some seem to 
think, that this Committee can secure in every instance the unqualified approval or adop- 
tion of such completed forms by other organizations — where interests differ, opinions like- 
wise differ. Because of these difficulties in preparation of the forms, the Committee’s re- 
port is largely one of progress, which assuredly is being made in all subjects. 

As to Revision of Manual, we have nothing to report at the present time. 

Subject 2, Form of Agreement for the Purchase of Electrical Energy in Large Volume 
(such as required for traction purposes), has been in hand for several years. The Com- 
mittee has been dealing with various organizations interested and considerable progress 
is being made. At the last meeting we offered a tentative form and asked for suggestions. 
We have received a number. The Committee is very well pleased with the result of pre- 
senting that tentative form last year. 

Subject 3, Form of Conveyance of Title Granting the Right to Construct and Main- 
tain Air Right Buildings over Railway Property, is in the hands of Mr. 0. K. Morgan. 
The Sub-Comm'ttee reports progress. Mr. Morgan, Chairman of this Sub-Committee, 
has been very ill during the entire year. 

Subject 4, Form of Agreement for Pipe Line Cro.ssings under Railway Tracks, and 
Subject 5, Use of Railway Property by Pipe Lines, etc., will be reported on by Mr. A. A. 
Miller, a member of the Sub-Committee having these subjects in hand; Mr. Charles Silli- 
man, the Chairman, being unavoidably detained in Washington. 

Mr. A. A, Miller (Missouri Pacific) The report of Sub-Committee 5 will bo found 
on page 127 of Bulletin 349. This report is submitted as a matter of information. 

Effort is being made to cooperate with the American Petroleum Institute and Com- 
mittees I and XIIL A conference has been held with representatives of the American 
Petroleum Institute and the general approval of Committees I and XIII has been ob- 
tained. 

Since thi.s Bulletin was issued the Committee has been in conference with representa- 
tives of the American Petroleum Institute and we feel that at this la.st meeting with them 
considerable progress was made. I feel very sure that we are at least 90 per cent of the 
way, and while this report is being submitted to you as information, we invite any criti- 
cisms, .suggestions or other help that you might care to give to the Committee. 

I feel, as I said before, that real progress was made in the last contact with repre- 
sentatives of the Petroleum Institute. 

The President:— Possibly someone would like to ask about that meeting with the 
American Petroleum Institute. I believe you had a conference with them in St. Louis 
about the second or third of Februarj^ didn’t you ? 

Mr. A. A. Miller;— Yes, .sir. 
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Chairman F. L. Nicholson: — About the first of February a conference was held in 
St. Louis between a Sub-Committee representing the Roadway Committee, a Sub-Com- 
mittee representing this Committee, and a committee representing the American Petroleum 
Institute. The specifications prepared by the Roadway Committee and the tentative 
contract form now submitted by this Committee were discussed. It is thought that satis- 
factory adjustments of differences will be made. 

Mr. A. A. Miller: — At this meeting with the representatives of the American Petro- 
leum Institute we were met with a viewpoint that no contract form was really needed; 
that the entire matter had better be left open-ended, so that those negotiating agree- 
ments covering a proposition of this kind would not be faced with any suggested re- 
quirements in the form set up and recommended for general use. In other words, a 
wide-open field was wanted on each and every occasion. We took the position that it 
was within our right and province to set up a proper form for general use and it might 
be possible to harmonize their views with ours in preparing a general contract form. 

After considerable discussion, I rather think that the matter is not .so full of con- 
fusion as it was. In other words, there is some direction being given to it. We are 
hopeful that we are going to harmonize viewpoints and we expect to put into the Man- 
ual a general contract form that will be satisfactory. 

The President: — Does anybody here wish to ask Mr. Miller any questions? 

Mr. Robert H. Ford (Rock Island): — It would be of value if the Committee would 
report a clause which should provide that when railways participate in public improve- 
ments, the transportation of men, materials and supplies, will so far as possible (or prac- 
ticable) be routed over the rail carriers, especially those directly contributing to these 
costs. 

It does not require much reflection to see that the railways are being asked to con- 
tribute to the up-building of competing agencies to be used by trucks and busses in trans- 
portation of goods and persons for hire. In this way the railroads lose their business; 
meanwhile, they are being required to contribute in the form of additional taxes account 
of being large property owners, and they must also contribute to the co.st of the im- 
provement. 

The President:— Mr. Ford, this Committee as well as the Outline of Work Com- 
mittee will take that into consideration. 

Mr. W. A. Radspinner (Chesapeake & Ohio) :— I think there ought to be included in 
that agreement a space to show the maximum pressure under which that pipe line .should 
be operated. There are cases now of low pressure natural gas lines being converted into 
high-pressure gas lines. Unless there is some maximum pressure under which those lines 
may be operated there is a possibility of having explosions when the change is made. 

The President: Are there any other questions? This Committee, as well a.s the 
Committee on Outline of Work will take those matters into consideration. 

Chairman F. L. Nicholson: — I should like to say that the Committee has already 
taken those matters into consideration. Meetings have been held, as we have stated, 
since this report was printed. Your suggestion, Mr. Radspinner, is under consideration 
and will be embodied in the report. 

As to Mr. Ford’s suggestion with reference to the last subject, we are now taking 
that up. The tentative form which we have already prepared contains Mr. Ford’s sug- 
gestion. We have thought of that. 

Subject 6— The form of Agreement with Public Authorities for Highway Grade 
Crossing Elimination or Separation is a subject that we thought we must approach very 
carefully. After the subject was assigned, wc received a number of letters protesting 
against taking any action in this matter. Why railroad men are so fearful of taking 
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action on committee-work that in any way affects a public authority I cannot under- 
stand. 

Those who wrote to us seemed to have the idea that we intended to incorporate in 
the contract form an exact division of the cost. That was never intended to be written 
in the contract form. You do not fill in your unit prices when you draw a contract 
until you have had your bids and agree on prices. Spaces are left in the form for such 
things. The Committee never had any intention of writing in the division of cost. We 
thought there should be an investigation, however, to ascertain just what was being done 
in every State of the Union with respect to the:e matters. Another Committee, the Com- 
mittee on Grade Crossings, we found was handling that phase of the matter. Our Com- 
mittee did not pursue it. The Committee on Grade Crossings will report at this meet- 
ing. They have prepared a very comprehensive report. You will find that there is no 
consideration being given by any of the states to present-day conditions. Most of them 
are dividing the costs on the 50-50 basis, which is manifestly unfair to the railroad under 
conditions where we have transportation companies operating on the highways and they, 
by their operation, are bringing these things to pass. They are hastening grade cross- 
ing separations where, in the ordinary course of events, they would not be required. 

The Committee has, because of these objections to which I am now referring, been 
somewhat hampered. We have had to explain to many what we are trying to accom- 
plish. This Committee has never been hasty in drawing its conclusions. They invari- 
ably make one or two drafts of their reports to this Association for criticism before any- 
thing final is done, but they do feel if there was ever a need for a standard form it is 
for one that can be used in dealing with public authorities. With such a form before us 
we may, if we will work together (which we at times find a very difficult thing to do), 
so influence the state legislatures that they may give us a fair deal. 

The President: — Does anybody else have anything to say or to ask the Committee? 

Chairman F. L. Nicholson: — I should like to say just this: This Committee, in 
formulating its draft for contract forms, gets its information from the railroads, members 
of this Association, in the first instance. If unable to get such information, or if there is 
no information available from the railroads, they get the best they can elsewhere and 
draft their own contract forms. Those forms are then submitted to this Association. 
The matter is never taken up with outside bodies unless this Association has passed on 
it and, up to the present time, not until wc have been instructed to confer with other 
associations beyond the railroad organizations. I just make that explanation so that you 
will understand the methods pursued in arriving at these contract forms. 

That is all we have to report. 

The President: — Mr. Nicholson, this Committee has been doing effective work in this 
Association, and the Association appreciates it. That work has been going on for a good 
many years. In regard to attacks from people in Washington— this Committee has been 
trying to help me put over some of these things. I think we are rather clarifying that 
situation there a great deal. 

I want to thank this Committee for what they have done. I admire their spirit. 
The Committee is dismissed with the thanks of the Association (Applause). 



DISCUSSION ON WOODEN BRIDGES AND TRESTLES 

(For Report, see pp. 65-74) 

Mr. H. Austin (Mobile & Ohio) —The report of Committee VII— -Wooden Bridges 
and Trestles is found on page 65 of Bulletin 349 and is largely a matter of reporting 
progress due really to no fault of this Committee. 

Mr. Smith, Chairman of the Sub-Committee on Revision of Manual, is not present 
and I will present this part of the report. 

The first revision is that of definition of a Screw Pile, which now occurs on page 450 
of the 1929 Manual, Since the publication of this, the Committee has received a letter 
from Mr. E. E. R. Tratman, in which he offers the following substitute for the definition 
recommended by this Committee: 

“Screw Pile. — One driven by rotary movement instead of by impact and having a 
broad-bladed screw attached to its foot to bore its way into the ground and also provide 
a large bearing area.” 

The Committee is perfectly willing to accept that substitute if it is the wish of the 
convention. 

The President: — Colonel Austill, do you want to make these changes one by one or 
as a group? Which would you prefer? 

Chairman H. Austill: — ^There is just this one definition. 

The President: — Do you make a motion to that effect? 

Chairman H. Austill: — I will so move, that the definition offered by Mr. Tratman 
be substituted for that printed in the Bulletin. 

(The motion was put to vote and carried.) 

Chairman H. Austill: — ^Thg other revisions appearing on pages 66, 67, 68 and 69 per- 
tain to changes in present timber specifications and, except for that pertaining to the pile, 
are changes really by the A.ST.M. committee, with which we are merely cooperating, and 
are offered to clarify and make more definite the matter which is now in the Manual. 

Do you wish those covered paragraph by paragraph or to be acted on as a whole? 

The President: — ^We can act on them as a whole, if there is no objection. 

Chairman H. Austill: — I move that the changes submitted on pages 66, 67, 68 and 
69 be adopted. 

The President: — Arc there any questions? Are there any remarks? 

(The motion was put to vote and carried.) 

Chairman H. Austill: — On subject (2) Simplification of Grading Rules and Classi- 
fication of Timber for Railway Uses, Mr. Hawley is absent. This is a matter on which 
we report progress. 

The President: — Colonel Austill, isn’t that Sub-Committee also going to work with 
that new Manufacturers’ Committee that is to be appointed? 

Chairman H. Austill: — ^We act with and cooperate with any and all Committees 
with which we can get in touch and which are handling the subject. 

On Subject (3) Overhead Wooden or Combination Wooden and Steel Highway 
Bridges, Mr. Hart is absent. This is merely a progress report and will be so offered. 

Subject (4) Design of Standard Wooden Trestles for Heavy Loadings, is also a 
progress report. 

Subject (5) Relative Merits of Concrete and Treated Wooden Trestles, will be pre- 
sented by Mr. Ridgway, Chairman of the Sub-Committee. 

Mr. Arthur Ridgway (Denver & Rio Grande Western) : — There is not much to report 
on this subject. We offer no excuse but simply ask you to remember in years gone by 
the difficulties we have had with the same subject. There was nothing more that could 


760 



Discussion 


761 


have been done that we did not attempt to do. About twelve years ago we had a pretty 
serious time, as you remember, in presenting conclusions, and we had a more serious time 
in getting them adopted. It seems now that they are just as unsatisfactory, or more so, 
than they were then. We simply have to report that we have done our best. 

Chairman H. Auslill: — Mr. President, Mr. Ridgway is entirely too modest in his re- 
marks. He has done a great deal of work on this subject. He. has collected a great 
deal of data and he deserves the thanks of this Association. I am glad to know that 
this subject is going to be continued under Mr. Ridgway’s direction. 

Subject (7) is Bearing Power of Wooden Piles, with Recommendation as to Best 
Methods of Determination. This is a progress report, but since this refers to an article 
published in Engineering News-Record, I wish to correct the formula given in Engineer- 


CS“1 CS^ 

ing News-Record which should be “P= instead of “P= 


On Subject (8), Best Relationships Between the Energy of Hammer and the Weight 
or Mass of Pile for Proper Pile Driving, to include Concrete Piles, Mr. Chevalier, the 
Sub-Committee Chairman, is absent. This is a progress report and the material is sub- 
mitted as information only but we believe it is well worth while. The Committee has a 
written discussion on this report from the Service Bureau of the American Wood Pre- 
servers^ Association, w'hich will be presented so that it may get into the Proceedings, if 
agreeable. 

The President: — If there is no objection, it will be so handled. 


DISCUSSION OF REPORT ON BEST RELATIONSHIPS BETWEEN THE ENERGY 
OF HAMMER AND THE WEIGHT OR MASS OF PILE FOR PROPER 
PILE DRIVING, TO INCLUDE CONCRETE PILES 

It has always been recognized that any method for calculating the bearing power 
of friction piles which does not take account of the ratio between the weight or mass of 
the pile and the hammer energy applied in driving it, cannot be entirely correct. While 
there arc other factors in pile driving which, at the present stage of our knowledge of soil 
mechanics cannot be evaluated, it does appear possible, through practical tests, to add 
a great deal to what we already know as to the effect of hammer energy when applied 
to piles of different weights or masses. Hammer energy is the product of weight of the 
moving part of the hammer, and the distance through which it falls, assuming a drop, or 
single acting hammer. The limits of velocity as developed from the height of fall are so 
well-recognized that the above question becomes in reality one involving the ratio of 
hammer weight to weight of pile. In modern pile driving where large hammer energies 
are required, it is generally considered that velocities exceeding those developed by falls of 
about three to four feet are apt to be injurious to the pile; consequently the tendenev 
towards increased weights of hammers and decreased heights of fall has become well- 
established in recent years. 

The Sub-Committee on this subject has already made a number of recommendations 
relative to the proper ratio between hammer energies and weight of pile, for various 
conditions of driving, the recommended ratios ranging from one to three for soft to hard 
driving, respectively. No doubt the Sub-Committee had in mind heavy rather than light 
types of piles when making these recommendations, although it was stated that the 
hammer should be heavy as possible without undue damage to a properly cushioned 
pile. With average wood piles, for example, it is common to use hammer energies 
ranging anywhere from five to ten times or more the weight of the pile, and ratios of 
less than five would, in a great many cases, be quite inadequate. For concrete and 
other types of heavy piles, it is often difficult if not impossible to secure ratios exceeding 
1.5, especially where the piles are over thirty feet in length. With these great disparaties 
in ratios existing as common practice, and yet reasonably good results obtained in many 
cases, one is led to believe that it would be very hard to lay down any hard and fast 
rule for guidance in this respect. Moreover, in view of the fact that the heaviest piles 
weigh only a fraction of the bearing capacity desired to be developed by them, and that 
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the hammer energy at the conclusion of driving must be sufficient to overcome this 
resistance as well as the inertia of the pile, it certainly is essential to take this factor 
into account. 

For the purpose of this discussion it is necessary to define what is meant by the 
best relationship between the energy of hammer and weight of pile for proper pile 
driving. In many cases economic considerations would preclude the use of equipment 
which would give the best results, while* in other cases inadequate equipment is fre- 
quently used because of convenience and the supposition that any capacity up to twenty 
times the hammer energy can be developed, depending on the extent to which the driving 
is continued, as indicated by the Engineering News formula. This supposition is of course 
erroneous, because account is not taken of the net energy available for useful work in 
the several cases. In this discussion it is proposed to define best relationship between 
hammer energy and weight of pile, as that which will give uniform results in bearing 
capacity when the piles are driven to the same final rate of penetration per final blows 
of the hammer, in uniform soil. 

The following is suggested as a possible avenue of approach to the problem, in which 
the mass of the pile, its weight and ultimate capacity to be developed, are all taken into 
account. The proposed formula is shown on the chart attached. It is based on the 
fundamental theory that hammer energy must be sufficient to overcome developed fric- 
tional and point bearing resistance of the pile as it is moved through a certain distance, 
taken as unity, plus resistance due to the inertia of the pile and other losses incidental 
to deformation, heat generation, vibration of pile and soil and all other wasteful work 
done. In developing the formula, therefore, it is first nece.ssary to as.sume some ulti- 
mate capacity to be developed, which is indicated by the symbol C\ Other resi.stances 
accounting for lost energy will be taken as proportional to some power of the mass of 
the pile, although it is known that such factors as density and elasticity of the pile enter 
Ihe problem. The total resistance to be overcome then may be represented by the ex- 
pression 

Resistance = C -b km*' 

It is known that resistance due to mass or inertia of a pile increa.ses very rapidly 
with its weight, and for our purpose it is assumed that the rcsi.stance to driving will 
vary as the cube of the mass of the pile. The constant of the equation will be assumed 
to be some factor which takes into account the relative effect of this resistance in the 
particular case in hand, that is to say, its effect in relation to the capacity to be devel- 
oped. This may be represented by the ratio of force of gravity to capacity of pile, 
which then gives the expression 

[ Resistance = Ci ^ m'’’ = ( 1 ) 

Cl Cl 


Let us now take three piles weighing 1500, 5,000, and 20,000 pounds respectively, and 
assume that a bearing capacity of 100,000 pounds is to be developed. This bearing 
capacity is taken to represent the load that can be carried by the pile without excessive 
or progressive settlement, usually considered as double the actual load to be used in the 
design or construction. Carrying out the indicated operations of the equation (1), we 
have as the total relative resistances to be overcome, the quantities: 100,032, 101,200, and 
177,000 for the piles in the order of their weight. The ratios of the.se quantities are 
very closely as 1 : 1 : 1.77, which may be taken as the ratios between the hammer 
energies required to drive the several piles with equal efficiency. 

Let us assume that a certain hammer energy is required to develop a certain 
total resistance (capacity plus losses) in any pile, then going back to our equation 
(1) we can write, for hammer energy required 


Co a "" Qc 


In the above case where the ratios of total relative resistances are as 1 : 1 : 1.77, let 
us assume that a hammer energy is required to drive the first pile satisfactorily ; then 
the hammer energy required for the second and third piles would be and 1.77 
H respectively, and if it is assumed that is 12,000 foot-pounds, then the hammer 
energy required to drive the third pile would be 21,300 foot-pounds. The expression (2) 
above is reduced to one for ratio of hammer energy to weight of pile by dividing by 
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Ratios ot Hammer Energy to Weigiit of Pile for Developing Stated 
Bearing Capacity 
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Where Hq’* Hammer energy required fo develop capacity 
Co trt any piie weighing 3000 ibs. or less. 
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assumed fo be double actual design load. 
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p, (the weight of pile)' which gives the equation shown on the chart. In the case of the 
third pile above, this ratio would be 1.06 as is plotted on the chart for a pile weighing 

20.000 pounds which is to develop a capacity of 100,000 pounds. 

The curves of the chart, one for a capacity of 100,000 pounds and the other for 

200.000 pounds, arc based on a hammer energy of 12,000 foot-pounds required to develop 
a capacity of 100,000 pounds in any pile weighing up to S,000 pounds, since in accord- 
ance with the above ratios it is seen that the mass of any pile weighing up to that amount 
would be virtually disregarded, and the total resistance therefore would be the capacity 
of the pile. The portion of the upper curve to the left of the point representing a pile 
weighing 7500 pounds is shown by a broken line on the assumption that such large 
capacities would probably not be feasible to be developed for lighter piles. It is noted 
the curve.s conform very closely to an equilateral hyperbola, and this is true because the 
product of the co-ordinates gives hammer energy, which theoretically should be constant 
for developing a given bearing capacity. Obviously the curves will depart more and 
more from the theoretical curve (hyperbola) as weight or mass becomes a more im- 
portant factor, and it is to be observed that the low point of the curve is approximately 
reached for a pile weight of about 20,000 pounds. For a pile weighing 40,000 pounds, to 
develop a capacity of 100,000 pounds, the ratio of hammer energy to weight of pile 
would rise to 2.15, meaning a hammer energy of 86,000 foot-pounds. This rather leads 
to the conclusion that it would be impractical to drive piles weighing more than about 

25.000 pounds by ordinary methods. 

It is interesting to note in Exhibit B the action of the two concrete piles under the 
second driving after the piles had been allowed to “set” following the loading test. In 
this driving the same hammer was used for both piles, and the average penetration for 
the final blows was 1/3 inch for the smaller and 1/5 inch for the larger pile. These 
piles had previously sustained 61 tons and 94 tons, respectively, and it is assumed that 
at least this much 'resistance had to be overcome in moving the piles during the second 
driving. On this basis the net amount of energy used for moving the piles in the final 
blows is seen to be approximately 3300 foot-^pounds per final blow for each pile, mss 
than one-seventh the gross energy of the hammer. This indicates that about 21,000 
foot-pounds of energy was required to overcome resistances due to all causes, before 
useful work could be' done, or considerably in excess of the gross energy of the lighter 
hammer which was used in the original driving of the lighter pile. Assuming that the 
penetrations during the second driving were not greater than those given as nnal, it 
would be interesting to know what might have happened had the lighter hammer been 
tried on these piles. If one may judge from the calculated bearing power of these piles 
at the end of the second driving, their actual capacities were twice or moic that at the 
end of the first drivinR, and their resistance just before second driving was bcfjun must 
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have been much greater, since several blows were required to start them. Hence, it is 
likely that much more than the net energy above calculated was devoted to useful work, 
and it is quite likely that the lighter hammer might have been able to move one or both 
of these piles, had it been tried for the second driving. 

It is apparent that the test described in Exhibit B falls into the classification of 
fairly, if not quite, hard driving. This seems evident from the capacities developed in 
the comparatively short length of piles driven. It also appears that the ratios of hammer 
energies to weights of piles were adequate, which in this case were 3.41 for the light 
concrete pile and 2.44 for the heavy one. Had it been necessary for the two concrete 
piles to be twice as long to develop the same capacities, it is obvious that the driving 
would have been correspondingly softer, and in such a case the resulting ratios of hammer 
energy to pile weights, viz., 1.70 and 1.22, would probably still have been adequate. 
Moreover, since at the end of the first driving the light concrete pile was penetrating at 
the rate of 3/5 inch per blow, it is apparent that much more capacity could have been 
secured from this pile with the same hammer, had it been desired to develop the ulti- 
mate, and neglecting for the moment the lack of sufficient length to make this possible. 

In these tests the average ratio between calculated safe loads and loads actually sus- 
tained is about 2.4. Assuming this ratio may be applied to the calculated safe loads 
developed after the second driving of the two concrete piles, there is obtained the values: 
134 tons for the 16-inch pile and 195 tons for the 24-inch pile. It is usual practice to 
use half the capacity developed by loading tests for the actual bearing values to be used 
in construction, and this would give 67 tons for the small pile and 98 tons for the large 
pile. From a standpoint of bearing on the cross-.scction, the 16-inch pile would be good 
for a maximum of approximately 65 ton.s, and the 24-inch pile for about 147 tons. In 
actual practice the engineer would not think of approaching these maximum values for 
friction piles, which again indicates that the heavy hammer was not required to develop 
a proper capacity in the 16-inch pile. However, in the case of the 24-inch pile, whore 
an ultimate bearing capacity of at least 100 tons was probably developed, it appears 
that the heavier hammer was well adapted to the driving of this pile. This is also 
approximately indicated by the curves shown on the chart. 

It appears reasonable that where piles of the same size and/or weight are driven to 
the same calculated bearing with different hammers, the test loadings after driving would 
show more capacity for the piles driven with the heavier hammer. It seems essential to 
determine what such a difference might be, and it is to be regretted that the test of 
E.xhibit B could not have been arranged to bring out this needed information. In order 
to have done this it would have been necessary of course to have at least two sets of 
piles, each pile being driven to the same bearing with different hammers, irrespective of 
total penetrations secured. The test as made, moreover, adds to the confusion already 
evident regarding comparative capacities of piles, resulting from numerous previous tests, 
where piles of the same length but of different types have been driven to the same 
depth, and then loaded. For example, in this test, the wood pile was driven to a pene- 
tration of ^ inch per final blows, as against 3/5 inch per final blows for the 16-inch 
concrete pile. Had these piles both been driven to the same final rate of penetration, 
the calculated capacities would have been the same, and it is likely the wood pile would 
have actually sustained more load than the concrete pile, since more net energy would 
have been available for useful work. 

Thus in all cases where loading tests are made on piles of different types for the 
purpose of comparing their bearing capacities, the importance of driving each pile to the 
same final rate of penetration with the same hammer, or to the same calculated bearing 
with different hammers, can not be overemphasized. It is inconceivable that the engi- 
neering profession has been led into the fallacy of comparing pile efficiencies on the basis 
of equal total penetrations rather than equal developed resistances in the several piles; 
yet nearly all tests for comparing capacities have been conducted on such a basis. There 
is little need to comment on the supposition that a true comparison of several piles can 
be made when some of the piles are only partly driven, while others are fully driven. In 
the particular case at hand, the maximum structural capacity of the wood pile was 
approximately 86 tons, based on bearing on the cross-section, or considerably in excess 
of that of the 16-inch concrete pile calculated at 65 tons, and in view of this fact, it 
would have been of great interest to have carried the driving of the wood pile consid- 
erably further. 

Where, as in the test of Exhibit B, two hammers are available, it would be interestii^g 
and profitable to carry out a test with three sets of piles, the piles of each set being 
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similar to those of Exhibit B, except for length which should be worked out to accom- 
modate the details of such a test. The first set would be driven with the lighter ham- 
mer, all to the same final rate of penetration. The second set would be driven with 
the heavier hammer, each pile to the same calculated bearing as in the first set. The 
third set would be driven with the heavier hammer to the same final rate of penetration 
per blow, as in the first set with the lighter hammer. To secure still further information, 
each of the first two sets could receive a second driving after the loading test and a 
period of “set,” the heavier hammer being used, and driving first, to the same calculated 
bearing, and finally to the same rate of penetration per blow, providing this might be 
possible after the piles had set. In securing facts for the working out of a problem 
of this kind, it is essential to work from data that are comparable in every respect, and 
because of the interest and importance of this subject, it is sincerely hoped that further 
tests, along the lines noted above, may be undertaken. Meanwhile it should be stated 
that the test as made by the Missouri Pacific Railroad and reported in Exhibit B is a 
most important and valuable contribution to this subject, and one for which the Asso- 
ciation and every interested engineer is no doubt indebted to this Company. 

Chairman H. Austin : — Subject (9), Improved Design of Timber Structures to Give 
Longer Life with Lower Cost of Maintenance, is a progress report. 

Subject (10), Improved Methods of Strengthening Existing Bridges, will be pre- 
sented by Mr. Grear, Chairman of the Sub-Committee. 

Mr. S. F. Grear (Illinois Central) — The report is printed as Appendix I, pages 
73 and 74. The Committee has collected data on the strengthening of timber bridges 
from its own members and the report is published as information with the thought of 
bringing out discussion and suggestions from the members of the Association. 

We should like to read just the first paragraph of the report: “In preparing this 
report, it is assumed that the intent is to outline methods of changing structures to a 
heavier type and not to cover ordinary repairs. This will cover only wooden trestles.” 

The report is submitted as information and progress. 

Chairman H. Austill:—On Subject (11), Design of Washers, Separators, Cap-Stringer 
Straps and Other Trestle Fastenings, the Committee reports progress, but I should like 
to call attention to a bulletin on Modern Connectors for Timber Construction by the 
National Committee on Wood Utilization, which can be obtained from the Superintendent 
of Documents for IS cents, and which is very closely related to this assignment and 
contains considerable information of much value. Mr. President, that concludes the 
report of this Committee. 

The President: — Are there any questions or remarks? In connection with what was 
mentioned in regard to Mr. Ridgway, the Board of Direction yesterday appointed a 
Coordinating Committee, on which are two members of the Committee on Wooden 
Bridges and Trestles, the Steel Structures Committee and the Committee on Wood 
Preservation, Mr. Ridgway will be the Chairman of that special Committee. This is 
a coincidence because it brings out a thought I had in my address a few minutes ago— 
the idea of coordinating and working out those factors in regard to economical con- 
struction to take care of the progress on individual lines where traffic and other condi- 
tions are changing. 

If there are no questions to be asked of this Committee, they are excused with the 
thanks of the Association (Applause). 



DISCUSSION ON IRON AND STEEL STRUCTURES 
(For Report. pp. 285^.^08) 

Mr. A. R. Wilson (Pennsylvania) This Committee’s report is found in Bulletin 
351, pa^e 285, the first report in the Bulletin. 

Your Committee respectfully prc.H'nts herewith report covering the following sub- 
jects: 

(2)- Track Anchorage Over Bridges and Similar Structures. I shall ask Mr. Lacher, 
Chairman of this Sub-Committee, to make the report. 

Mr. W. S. Lacher (Railway Age) The study of any subject for the purpose of 
formulating rules of good practice should begin with determination of facts, but in the 
study of creepage of track, either on structures or on roadway, the facts available are 
confined to the observations of Engineers and to the rules of practice that they have 
developed as the result of those observations. Little, almost nothing, in fact, is known 
concerning the forces that are responsible for the creeping of track, and, in the opinion of 
the Committee, it is doubtful if research for the purpose of developing reliable data on 
the forces which cause creeping of track can be justified. 

In these circumstances, the Committee was forced to confine its study to such in- 
formation as it could obtain from Engineers who have made a study of creeping and 
anchorage and endeavor to formulate rules based on such experience. This was not an 
easy thing to do because it was necessary to attempt to reconcile some widely diversified 
opinions. The Committee feels, however, that the rules as given on page 287 of this 
report cover practically all^rdinary conditions that would be encountered. The rules 
are rather long. 

The Conclusions are as follows: 

“1. Bridges are designed to resist only such longitudinal forces as are imposed 
within the length of the structure. The magnitude of the forces that cause rails to creep 
is unknown and may be transmitted from rail to rail for appreciable distances. Conse- 
quently the anchoring of rail on a bridge may impose longitudinal forces to the struc- 
ture for which no adequate provision has been made in the design.” 

The President: — Are there any questions or is there any discus.sion on the first? 
If not, proceed. 

Mr. W. S. Lacher: — “2. The first step in overcoming the creeping of rails on a 
bridge is to anchor the rails effectively on the adjacent embankment.” 

The President: — ^We will take each one separately and see if there is any question 
or discussion on it. We will have a .short pause following each one. Is there any dis- 
cussion on this one? 

Mr. W. S. Lacher: — “3. With adequate anchorage of rails on the adjacent embank- 
ment there should be no need for any anchorage of rails on short bridges. 

“4. If rails on a bridge creep in spite of effective anchoring of the rails on the ad- 
jacent embankments, the anchoring of the rails to the bridge will prove satisfactory and 
effective in many cases, but such anchoring must be undertaken only when the movement 
of rails on the bridge is not the result of uncontrolled creeping on the adjacent embank- 
ments. 

“5. If inability to control excessive creeping of the rails on the adjacent embank- 
ments produces objectionable movement of rails on the bridge, it may be necessary to 
introduce adequately guarded switch points at each end of the bridge, anchoring the rails 
on the bridge if necessary, and allowing the rail on the adjacent embankments to run.” 

The President: — Is there any discussion on that? 

Mr. L. B. Allen (Chesapeake & Ohio): — Why call it embankment? It may be on a 
cut and not on an embankment. Why not say “on the adjacent track”? The bridge 
does not always have an embankment at the end of it. 
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Mr. W. S. Lachcr: — Wc could use the word “roadbed.” Would that cover it? 

The President: — That is better. 

Mr. W. S. Lachcr: — I take it that that would apply to the u.se of that term all 
through the report. 

The President: — Would you take note of that matter? I am glad Mr. Allen 
brought that question up. 

Mr. C. W. Baldridge (Santa Fc) : — It appears to me that the last half of that sen- 
tence, “and allowing the rail on the adjacent embankments to run,” might better be 
changed to read, “to guard against the eflecL of creeping of rail on the adjoining track.” 

It isn’t necessary to place anything in here permitting the rail to run. It should 
not be allowed anywhere. It would be more appropriate to say that the switch points 
are placed to guard against the creeping of rail on adjacent track. 

Mr. W. S. Lacher:™*Well, paragraph 5 takes care of the case where the movement 
of rail on the bridge is under control or can be controlled effectively and where there 
has been difficulty due to the movement of rail on the embankment, as in the case of a 
bridge in a .sag. The use of the expression “allowing the rail on the adjacent embank- 
ments to run” seems to be the only way to expre.ss the condition that had to be met and 
the reason the .switch points ought to be put in. 

Mr. C. W. Baldridge:— I move that the words “and allowing the rail on the adja- 
cent embankment to run” be stricken out and that \vq substitute the words, “to guard 
against the effect of crec^ping rail on adjoining track.” 

The President: — Mr. Baldridge, in order that we can all understand it, will you 
please read in full what it is you propose? 

Mr. C. W. Baldridge: — Paragraph 5 would then read: 

“5. If inability to control e.xcessive creeping of the rails on the adjacent embank- 
ments produces objectionable movement of the rails on the bridge, it may be necessary 
to introduce adequately guarded switch points at each end of the bridge, to guard against 
the effect of creeping rail on the adjoining track, then anchoring the rails on the bridge 
it necessary.” 

Mr. W. S. Lachcr:— -The sense of that may be all right, but the way it has been put 
would very easily give a wrong impression,— “anchoring the rails on the bridge if neces- 
sary.” 

Mr. (\ W. Baldridge:— It would he more appropriate, perhaps, to rewrite the entire 
article and introduce “to guard against the effect of creeping rail on adjacent track” 
ahead of the provision for placing switch points in the track at the ends of the bridge. 

Mr. W. S. Lachcr; — That can he done. It will take some rewording to carry it 
out. 

The President:- What disposition do you want to make of your motion, Mr. Bald- 
ridge ? 

Mr, (’. W. Baldridge: — If the Committee care to reword that, I would withdraw my 
motion. 

Mr. W. S. Lachcr: — The Committee will do that. 

“6. If inability to control cxcc.ssivc creeping of rails on the bridge, in spite of efftc ive 
anchorage of the rails on the adjacent embankments, produces objectionable movement of 
the rails on the bridge, it may be necessary to introduce adequately guarded switch points 
at each end of (he bridge and allow' the rails on the bridge to run.” That introduces the 
same clau.se to which Mr. Baldridge made objection, and, if the convention will permit, the 
Committee will consider the elimination of that. 

The President: — And No. 6 wmiild be covered by the rearrangement of No. 5? 

Mr. W. S. Lacher: — ^Yes, .sir. 
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The President: — If there is no objection, we will take the Committee’s recommenda- 
tion on that. That part of paragraph 6 will be eliminated? 

Mr. W. S. Lacher: — No. 6 will be modified to agree with No. S. 

“7. In these cases where the rails are anchored on the bridges: “(a) Commercial 
rail anchors of demonstrated effectiveness on roadway track will generally be found ef- 
fective on bridges.” 

The President: — What is meant by “commercial rail anchors”? 

Mr. W. S. Lacher: — A rail anchor that is on the market. 

Mr. G. S. Fanning (Erie) : — I move that we strike out the word “commercial.” 

Mr. W. S. Lacher: — The Committee will withdraw that word. 

“(b) Rail anchors should be applied to ties that are effectively secured against 
longitudinal movement relative to the bridge members on which they are supported. 

“(c) Anchors applied to rails on a bridge should be so located relative to the ex- 
pansion bearings of the spans, or slip joint as to permit the proper movement of the 
rails relative to the structure. 

“(d) The number of anchors applied and their distribution along the structure 
will depend on the severity of the creeping action, its direction, and whether or not it 
is necessary to resist movement in more than one direction.” 

Mr. President, I move the adoption of these Conclusions, subject to the revisions 
requested from the floor. 

The President:— You have heard the motion and the second. Is there any more dis- 
cussion? Are there any more remarks? 

(The motion was put to a vote and carried.) 

Chairman A. R. Wilson:— Subject (3), Fusion Welding and Gas Cutting for Steel 
Structures. I shall ask Mr, Reichmann, Chairman of this Sub-Committee, to present 
the report. 

Mr. Albert Reichmann (American Bridge Company) In preparing this specification 
for presentation to the Association, we followed what is considered the best present day 
practice in welding. As the specification is rather elaborate, I do not think anything 
would be gained by reading it here. Since the art of welding has not been generally ap- 
plied to bridge work, it is hoped that the members of the Association who have studied 
and applied it will give us the benefit of their experience. 

The President: — Mr. Reichmann, you have a very fine report here and I hope that 
the members will abide by what you say. It is a very interesting and very live sub- 
ject. I believe a great many of the bridgemen were very much opposed a few years 
ago to the electric welding for bridge erection, assemblying or their strengthening. There 
might be one or two matters that you want to question Mr. Reichmann about. I think 
he is very well qualified to answer any questions you may ask him on this subject. 

Mr. Albert Reichmann:— The Committee should like to receive any criticisms or 
recommendations that members care to make, and we shall be glad to give these our 
consideration during the coming year. 

Mr. B. R. Leffler (New York Central) :— I wish to add that these specifications (I 
think Mr. Reichmann will agree with me; if not, I hope he will say so) are not in- 
tended to cover or be a universal substitute for the riveted joint. This is a field of weld- 
ing which is very serviceable in bridge work, particularly in repairing existing struc- 
tures. There is nothing in these specifications that signifies that the welding art is g ing 
to supersede all riveted or pin-connected work, and riveted work in particular. I men- 
tion that because it is a fact that Bridge Engineers have been opposed to it. I am one 
of them. I am still opposed to it as a universal process for getting rid of every difficulty, 
It has its field. 



Iron and Steel Structures 


769 


The President:—! am glad, Mr. Leffler, that you brought that out. That is what I 
am trying to get from the audience — ^the ideas and opinions they may have on these 
subjects. 

I do not believe it is the thought or idea that electric welding will supersede all 
riveted or pin-connected construction work. I think there is a place for everything and 
everything has its place. 

Mr. Albert Reichmann: — I thoroughly agree. 

Chairman A. R. Wilson: — The report on Subject (12), Repainting of Steel Bridges, 
with Special Reference to the Condition Requiring Repainting and Economical Method 
of Doing the Work, is shown as Appendix C. I shall ask Mr. VanNess to make the 
report. 

Mr. R. A. VanNess (Santa Fe) : — The Chairman of this Sub-Committee, Mr. Stuart, 
is not able to be here today. Mr. Stuart has spent a lot of time, about two years, in 
preparing this report. He has received information from various members of Committee 
XV as a whole, and he has combined the results of his study with what the Committee 
gave him in the Conclusions on page 299. I will read those Conclusions rapidly: 

“1. It is better practice and more economical to do spot painting or complete re- 
painting during the incipient stages of corrosion, rather than defer such work until cor- 
rosion has reached an advanced stage. 

“2. It is important that the surfaces to be repainted be thoroughly clean and dry, 
and that the weather and atmospheric conditions be favorable. 

“3. Only paints of good quality, thoroughly mixed, should be used. 

‘‘4. On small jobs, it is preferable to employ company forces. In the case of large 
projects, contract work, under close supervision, may be more economical. 

“5. Paint gangs should be composed of men of experience, and be well equipped 
with all necessary apparatus.” 

Mr. Chairman, I make a motion that these Conclusions be received as information. 

The President: — If there is no objection, the report will be so received. 

Chairman A. R. Wilson: — The report on Subject “(13), Bronzes for Various Pur- 
poses in Connection with Iron and Steel Structures,” is found in Appendix D. It seems 
that this entire Sub-Committee, with the exception of Mr. VanNess, is absent. As this 
report is to be received as information only, I will call attention to the object of the 
investigation. 

“The object of this investigation was to determine the coefficient of friction between 
various combinations of bronzes and steels.” 

This report furnishes valuable information for designers in connection with expan- 
sion bearings where flat surfaces are used. 

The President: — Are there any questions that you want to ask this Committee? 

Mr. J. C. Irwin (Boston & Albany):— I should like to ask Mr. Wilson if this com- 
pletes his assignment on this subject. 

Chairman A. R. Wilson :--It does not, Mr. Irwin, complete it. Our assignment covers 
uses of bronzes for structural purposes. This may not be the proper wording of the 
assignment. This does not conclude the subject. 

Mr. J. C. Irwin:— Is not that the same case on Subject (12) ? Did you conclude that 
report with the adoption of the conclusions? 

Chairman A. R. Wilson:— No, sir. We have not recommended adoption of the 
conclusions on repainting of steel bridges. Neither of these subjects are concluded. 

Mr. J. C. Irwin:— I have one other question. On the subjects on which no report 
has been made, are we to consider that you report progress? 

Chairman A. R. Wilson:— Yes, sir. There seems to be confusion as to how the 
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committees arc to report. This Committee has followed the practice of not reporting 
progress on subjects where there is no report to be made, reporting only where there is 
definite information to be presented to the convention. This may be an error in so 
making our report. The other subjects arc all being actively studied on which we can 
report progress. 

Mr. J. C. Irwin: — I think that will clear the situation. The Committee on Outline 
of Work will cover those subjects by reassignment during the year, but it seems to me 
that it would be good practice to say in the report, for the benefit of the members, that 
progress is being made on these subjects on which no further report is made. 

The President: — Arc there any other questions you want to ask this Committee? 

This is another Committee that coordinates with a lot of fellows around Wash- 
ington, and especially on grade crossing work. They are doing excellent work and, 
with this Coordinating Committee that I mentioned a little while ago, we arc going 
to produce some very valuable information for the railroads of the country as a whole. 
If there are no more questions that you want to ask this Committee, they will be excused 
with the thanks of the Association (Applause). 

DISCUSSION ON CLEARANCES 

(For Report, sec pp. 26 J -262) 

(Vice-President W. P. Wiltsee in the Chair.) 

Mr. A. R. Wilson (Pennsylvania) : — The report of this Committee is found in Bul- 
letin 350, page 261, It covers the .submission as information of two diagram.s. One is the 
outline of proposed A.R.A. box car, showm in Fig. 6; the second one a Clearance Dia- 
gram for Pantograph, as shown in Fig. 7. 

The clearance diagram for pantograph, a.s shown by Fig. 7, is for car on tangent 
track and includes an amount due to sway of car. On curved track the clearance shall 
be increased, due to superelevation of rail. 

The action recommended is that the.se diagrams, Fig. 6 and 7, be received as infor- 
mation. 

Vice-President W. P, Wiltsee: — Is there any discussion on the subject? This is a 
very important matter and I am sure the Committee would like to have some discussion 
on this subject. 

Chairman A. R. Wilson: — The diagram of the car is the product of the Car Con- 
struction Committee of the Mechanical Division. 

Vice-President W. P. Wiltsee: — If there is no discussion on the subject it will be 
received as information. 

Chairman A. R. Wilson: — I should like to .state for the benefit of the Yards and 
Terminals Committee and the Buildings Committee, in connection with the clearance or 
height of platforms, that last year the Clearance Committee presented a report, it being 
adopted, fixing the height of platforms for freight houses. Since that report has been 
made, which indicated a height of platform of 4 feet, the Car Construction Committee 
of the Mechanical Division submitted a report covered in Circular DV— 768, describing 
a steel-sheathed, wood-lined box car. The height of the floor of that car is 3 feet and 
7 and inches. I am calling this to the attention of the respective Committees as it 
may affect somewhat their studies during the coming year. The Clearance Committee 
will also note and be governed accordingly. 

That concludes the report, Mr. President. 

Vice-President W. P. Wiltsee: — Is there any further discussion? Is there any dis- 
cussion on the pantograph clearance? If not, the Committee will be dismissed with 
the thanks of the Association (Applause). 
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(For Report, see Bulletin 348) 


(Vice-President W. P. Wiltsee in the Chair.) 

Mr. W. M. Vandersluis (Illinois Central): — In lieu of a formal report by your Com- 
mittee on Electricity, to save duplication in printing, we offer as information a series 
of reports presented to the Electrical Section in October last. These reports are printed 
in full in Bulletin 348 of August, 1932. 

Briefly summarized, the report covers the following subjects: 

iNDUcriVE Coordination, — Cooperation has been continued with the National Elec- 
tric Light Association and with the Bell System in the preparation of a code of “Prin- 
ciples and Practices for the Inductive Coordination of Railway Electrical Supply Facili- 
ties and the Communication Facilities of the Bell System.” 

Power Supply.— The progress of electrical “Power Supply” in the United States, 
Canada and Me.xico, and, to a lesser extent in Europe, is reported on. 

Electrolysis. — A comprehensive report is made on electrolysis resulting from leak- 
age of current from the catenary and third rail systems over the supporting insulators. 
The experience of the Chic.ago, Milwaukee, St. Paul & Pacific, the Illinois Central, the 
Cleveland Union Terminals Company, and the Delaware, Lackawanna & Western, is 
covered in the report. 

Overhead Transmission Line and Catenary Construction. — Specifications for 
round and grooved hard drawn copper trolley wire and for round and grooved bronze 
trolley wire arc presented. 

Ec:onomtcs of Railway Location as Affected by Electric Operation. — A sum- 
mary is given of a .study made on this subject in past years by the Construction and 
Maintenance Section. 

Standardization of Insulating Tapes. — Revision of specifications for friction tape 
to replace the present form is presented. 

Standardization of Insulators.— Progress in this subject is reported pending the 
formulation of specifications for porcelain insulators for electric power lines by a Sec- 
tional Committee ol the American Standards Association. 

Protection of Tracks Used in the Loading or Unloading of Inflammable 
Liquids from Danijer of Fire Caused by Electric Sparks. — The report on this sub- 
ject covers rules for the handling of gasoline on rail cars, railway coaches and trucks. 

Specifications for Track and Third Rail Bonds.— This report will be of special 
interest to the ConstriicLion and Maintenance Section. It covers detail bond design, rail 
joint clearance and its effect on rail bond design, including experience with , various types 
of bonds. 

Illumination. — A comprehensive report is made on this subject, including a sched- 
ule of incandescent lamps, railway floodlighting systems and train lighting lamps. 

Design of Indoor and Outdoor Substations.— A most interesting and valuable re- 
port is given under this heading, grouped under the following sub-divisions: Substation 
Protection; Outdoor Type Frequency Changer Sets Used in Connection with Railroad 
Electrification; and Recent Developments in Mercury Arc Rectifiers for Railroad Sub- 
stations. 

Applioation of Corrosion-Resisting Material to Railroad Electrical Construc- 
tion.— This is another report that should be of special interest to the Maintenance Engi- 
neer. It is a record of tests made on the Norfolk & Western and the New Haven roads, 
on samples installed in smoke jacks, tunnels, and in salt water atmosphere. 
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At your last meeting a recommendation was made that reference be made in your 
Manual to the approved material contained in the Electrical Section’s Manual and that 
this reference be kept up to date by adding current approved matters. This recommen- 
dation has been favorably acted upon and the result is shown in the Supplement to your 
Manual, Bulletin 347 of July, 1932. 

I would suggest that this report be accepted as information, Mr. President. 

Vice-President W, P. Wiltsee: — This is a very valuable report from the Electrical Sec- 
tion. It is submitted to this Association by the Electrical Section as information. I am 
sure they would be glad to have any questions asked or any discus.sion on the subject. 
If there is no discussion and no objection, the report will be so received. The Committee 
is dismissed with the thanks of the Association (Applause) . 


DISCUSSION ON SIGNALS AND INTERLOCKING 

(For Report, .see pp. 263-272) 

(Vice-President W. P. Wiltsee in the Chair.) 

Mr. P. M. Gault (Missouri Pacific):— The report of this Committee will be found 
in Bulletin 350, beginning with page 263. Of the eight assignments the Committee had, 
reports are submitted on six, (3) and (6) being merely collaboration with other Com- 
mittees. 

Assignment (1), Revision of Manual, will be found in Appendix A, at the top of 
page 264. I believe it is unnecessary to read this report and I would move that it be 
approved. 

Vice-President W. P. Wiltsee: — It has been moved that the report of the Sub-Com- 
mittee on Revision of Manual be approved. In order that everyone may understand 
what that means, we will ask the Chairman to read the recommendations. 

Chairman P. M. Gault: — “Your Committee recommends the voiding of all Signal 
Section matters now in the A.R.E.A. Manual and Supplements, and the printing in the 
next Supplement to the Manual of a complete index to the Signal Section Manual as 
furnished by the Secretary of the Signal Section.” 

That is to say, the index will be as of the date it is printed. 

“Your Committee further recommends that notice of changes only be made each 
year in future Supplements to the A.R.E.A. Manual and that the complete current index 
be printed only when the A.R,E.A. Manual as a whole is revised.” 

Vice-President W. P. Wiltsee:— The Board of Direction will take the proper action 
on this recommendation. 

Chairman P. M. Gault:— The next assignment is (2), Developments of Automatic 
Train Control. This report is offered as information. I should like to state that on page 
265, near the bottom of the page, five railroads are shown as having filed petitions for 
relief from maintaining automatic train control. Since this report was printed, the C. B. 
& Q., the Texas & New Orleans, the Missouri Pacific, and the C. R. I. & P. (second order 
only) have had the orders affecting them suspended. The decision has not been an- 
nounced for the Delaware & Hudson, so far as I know. This report is offered as infor- 
mation. 

Vice-President W. P. Wiltsee: — If there is no objection, we will so receive it. 

Chairman P, M. Gault: — The next report is on (4), Increased Efficiency Secured in 
Railway Operation by Signal Indications in Lieu of Train Orders and Timetable Super- 
iorities. I wUl ask Mr. Post, Chairman of the Sub -Committee, to handle this report. 
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Mr. W. M. Post (Pennsylvania): — ^This report is found on page 266. It relates to 
the economic results on the Omaha Division of the Missouri Pacific Railroad. The 
Omaha Division is a single-track line about 400 miles in length, and on that line, be- 
tween Kansas City and Atchison, is a bottleneck of about 47 miles. Over that bottle- 
neck, besides the Missouri Pacific trains, move trains of the Chicago Great Western and 
the Union Pacific. I understand that in the year 1931 in this bottleneck there were 
about SO trains moving daily. Measured in net ton miles per mile of road, between 
Leavenworth and Atchison, 20 miles, the traffic density would be 4,456,000, and between 
Kansas City and Leavenworth, 23 miles, 6,371,000. On the balance of the Division, meas- 
ured by the same yardstick, there would be 1,436,000, which I think is about 12 to IS 
trains a day. 

On this 47 miles centralized traffic control was installed in order to relieve the delays 
and congestion and also to save money. This report gives some of the economic results. 

In Table I on page 267 you will notice that the saving in freight train cost on the 
part of the Division not including the centralized traffic control section was $205 per 
mile per year, and in the centralized traffic control section it was $1,524 per mile per year. 

In the centralized traffic control section there was an additional saving in block and 
interlocking stations discontinued of ^$642, making a total saving of $2,166 per mile, from 
which is deducted the additional expense and interest charges of $693, leaving a net 
saving of $1,473 per mile, 1930 over 1929, or, for the whole section, a saving of $63,- 
349. 

On the next page you will notice there is a comparison of the freight train perform- 
ance and costs of the Omaha Division with the centralized traffic control section. That 
should be shown in Table TI. Table H is missing. I have been assured by the Secretary 
that the table will appear in the Proceedings. 

The significant figures are the averages. The averages for the C.T.C. section show 
a greater percentage of improvement than the averages for the Omaha Division. For 
example, on the Omaha Division the cost per 1000 gross ton miles is decreased 12 per 
cent, whereas on the C.T.C. section it is decreased 39 per cent. This is accounted for 
by the increase in the gross ton miles per train hour on the Division of only 8 per cent, 
as against an increase on the C.T.C. section of 57 per cent. 

The improvement in the freight train performance of the Omaha Division, 1930 over 
1929, effected a total saving of $138,781, reducing freight train costs by 12 per cent. Of 
this saving, 47 per cent is due to the improvement in train operation through the C.T.C. 
section, and as there was no increase in the locomotive tractive effort full credit should 
be given to the C.T.C. installation for the increased efficiency in operation secured through 
the use of signal indications in lieu of train orders and timetable superiorities. Some 50,- 
000 train orders per year were eliminated. 

Summary of the C.T.C. section: The gross tons per train increased 6 per cent; train 
miles per train hour (speed) increased 47 per cent; gro.ss ton miles per train hour In- 
creased 57 per cent; cost per 1000 gross ton miles decreased 39 per cent; locomotive 
tractive effort 72,300 pounds, no change; net return on total inve.stment, 14.7 per cent. 

This report is submitted as information. 

Vice-President W. P. Wiltsee: — ^While this report is submitted as information and 
it will be so received, I am sure that the Committee would like to l^ave some discus- 
sion on the subject. It is a very important matter, one of the most important subjects 
we have before the railroads today in the matter of economy. 

Chairman P. M. Gault:-— I will ask Mr, Stradling, Chairman of the Sub-Committee 
which handled the subject, to report on Current Activities of the Signal Section. 
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Mr. E. G. Stradling (Chicago, Indianapolis & Louisville) : — This report is found on 
page 269. It shows the current activities of the Signal Section since March of last year 
up to November, 1932. On the same page is found the specifications of the. Signal Sec- 
tion, as revised. At the bottom of the page are shown now specifications adopted by the 
Signal Section. On page 270 arc shown the revised rcqui.sile.s of the Signal Section, specifi- 
cations to be removed from the Manual of the Signal Section, and recjuisiles to be re- 
moved from the Manual of the Signal Section. This report is submitted as information. 

Vice-President W. P. Wiltsee: — Are there any objections? If not, it will be so 
received. 

Chairman P. M. Gault: — The next subject is (7), Po.s.sil)ility of Providing Suitable 
Protection at Less Cost than the Present-Day Practice for Both Construction and Mainte- 
nance of Signals and Interlocking. I hope there will be some discussion of this subject. 
I am going to ask Mr. Wiegand, Chairman of the Sub-Commitlee, to handle it. 

Mr. F. B. Wiegand (New York Central): — The report is divided into various sec- 
tions; Historical, State Requirements, Recommended Practice, Construction Cost, Mainte- 
nance Cost, and the Summary. 

In this presentation I shall refer only to the Summary and comment thereon. 

The recommendations of your Committee are as follows: 

“To Lower Cost of Construction; Determine minimum requirements and have all 
interested departments approve the plan of the track layout.’’ 

This is an important item as any change upsets all calculations and involves changes 
in bill of material, delay and additional expense for interlocking machines on account 
of change in locking and change in circuit controller arrangement and their application. 
Where duct lines are used the number of ducts arc involved as the number of wires of 
their size (in order to provide proper carrying capacity) may be increased, cither of 
which will increase the outside diameter of the cable and may involve additional cables 
or ducts. It at least involves change in the makeup of the cable. 

“Adopt universal switch layout.” 

Some roads are now doing this. It reduces considerably the cost of interlocking, 
as all ties, tie plates, rail braces and other switch fittings are not disturbed or replaced 
when interlocked. 

“Standardize signaling material.” 

Considerable has been done along this line. It enables the manufacturer to reduce 
his variety of stock and sell at a lower price. 

“Use power tools where practicable.” 

This item reduces labor cost; very often one man can do the work of two or three 
men. We have in mind such tools as rail-bonding machines, power drilling machines 
at site of the work, paint spraying machines, small concrete mixers, etc. 

“Use unskilled labor for unskilled work.” 

In the construction of an interlocking plant there is a vast amount of work com- 
monly classed as laborers’ work, such as digging, refilling, handling material, assisting in 
erecting poles, etc., which should be done by laborers and not by the .signal craft who 
receive a much higher rate of pay. 

“Use modern materials.” 

As materials are developed which may be lower in price or less expensive to install, 
but at the same time answer the purpose fully as well as materials generally used, these 
should be considered. 

“Use of apparatus of lower standard of excellence where safety is not involved.” 
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By lower standard of excellence we do not mean materials that do not have lasting 
qualities nor materials that fail frequently to operate as intended. We do mean less 
expensive materials which will answer the purpose satisfactorily, but with less rigid 
specifications. 

“Omit Derails.” 

Derails are non-essentials. In multiple track territory they are a source of danger. 
It may have been all right to use these in earlier days when signals were few and far 
between, but today when enginemen run by signal indications, and must keep constantly 
alert, their use is but an added expense. 

“To Lower Cost of Maintenance: — ^“Build soundly and solidly.” 

By this is meant that signaling should be installed in a substantial manner; in other 
words, installed to stay and not installed to stay only when kept there by the mainte- 
nance forces. 

“Employ ample supervision.” 

By ample supervision is meant sufficient supervision to see that the maintenance 
force is performing a day’s work for a day’s pay. 

“Reclaim materials that may be reclaimed at less cost than new.” 

This item is self-explanatory. It is an important one. Large quantities of expensive 
materials are involved. 

“Omit reports where practicable,” 

The omission of non-essential reports will give the maintenance force more time to 
devote to maintenance and will permit reduction in their numbers or extension of their 
territory. 

“Omit derails.” 

If omitted they need not be maintained, and as they arc not essential for train 
movements, their omission seems desirable. 

The report is submitted as information, Mr. Chairman. 

Vice-President W. P. Wiltsee: — While the report will be so received unless there is 
some objection, I am quite .sure that the Committee would like to have some discussion 
on the subject. This is a very important matter. The Committee has submitted an 
excellent report and I trust that there will be some questions asked or that there will be 
some discu.ssion of the subject. 

Mr. C. A. Taylor (Chesapeake & Ohio): — I should like ask the Committee if they 
can in any way modify or amplify No. 7, under “To Lower Cost of Construction,” 
where it reads: “Use apparatus of lower standard of excellence where safety is not in- 
volved.” Just what did they have in mind there? 

Mr. F. B. Wicgand:“-Ono particular item I have in mind is a relay on an inter- 
locking machine used for indicating purpo.scs, that is, it is used for giving a visual indi- 
cation of some kind. In other words, apparatus similar to that now in use on CJ?C 
interlocking machines. 

Mr. C. A. Taylor:— You do not have in mind using the cheap material? 

Mr. F. B. Wiegland: — No, not at all. Quality is es.sential. 

Mr. J. C. Irwin (Boston & Albany) -.—These recommendations arc most helpful. I 
just want to clear up one point and that is on the recommendation on the elimination of 
derails, whether it means at all points, that is, at railway crossings at grade, and also 
on the minor tracks connecting the main tracks. The recommendation seems to be a 
little general and I should like to have that cleared up. 

Chairman P. M. Gault: — The Signal Section’s recommended practice on derails 
is: “Derails should not be used in main tracks. On heavy grades, where the need of 
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some device to check runaway trains or cars is indicated, properly designed deflecting 
tracks may be used.” 

That is quoted from the top of page 271 of the report. 

The report on Use of Flashing Lights in Railway Signals is found on page 272. 
The Chairman of that Sub-Committee is not present, so I shall endeavor to report for 
him. The Committee has understood this assignment to refer to signals other than high- 
way crossing protection signals. Flashing lights are almost universally used for that 
purpose. 

Your Committee has canvassed a selected list of thirty railways from which twenty- 
seven replies were received. Only three railways advise that they are now using flash- 
ing lights to govern or control the movement or operation of trains. 

The word “three” should be corrected to read “four,” as one railroad was added 
after this was first written. The Missouri Pacific, Pennsylvania, Southern Pacific and 
the Michigan Central Railroads are using flashing lights for other purposes than highway 
crossing protection. 

The conclusion reached by the Committee is “that the restricted use of flashing sig- 
nals under special rules or instructions is permissible at selected points.” 

This report is offered as information. 

Vice-President W. P. Wiltsee: — ^This report will be so received as information unless 
there is objection thereto. Is there any discussion on the subject? 

Chairman P. M. Gault: — This concludes the report of your Committee. 

Vice-President W. P. Wiltsee:— The Committee will be dismissed with the thanks of 
the Association in the light of information they have presented (Applause). 


DISCUSSION ON YARDS AND TERMINALS 

(For Report, see pp. 167-207) 

Mr. M. J. J. Harrison (Pennsylvania) :— The report of the Yards and Terminals 
Committee will be found on pages 167 to 207 inclusive, of Bulletin 350. The subjects 
assigned to the Committee and the action recommended on the reports are detailed on 
page 167. 

Subject (1) is Revision of Manual. Unless there be objection, the three sections of 
proposed new or revised Manual material will be submitted by the respective Sub-Com- 
mittee Chairmen as they report. 

Subject (2) is that of Produce Terminals. The report will be presented by Mr. 
E. T. Johnston, Chairman of the Sub-Committee. 

Mr. E. T. Johnston (Erie) :— Last year this Committee submitted a report on this 
subject as information. The report has been reviewed and condensed and the material 
appearing in Bulletin 350, pages 173 to 175 inclusive, is submitted with a recommen- 
dation that it be adapted for inclusion in the Manual. I will read the section headings: 
General Type, Buildings, Track Layout, Driveways, Platforms, Icing, Garbage and Refuse 
Disposal, Miscellaneous. 

I move this material be adopted for inclusion in the Manual. 

Vice-Chairman M. J. J, Harrison: — I second the motion. 

The President:— It has been moved and seconded that this material be included in 
the Manual, Is there any discussion? 

Mr. A. R. Wilson (Pennsylvania) :— Under Platforms, I called the attention of the 
Committee this morning to the standard box car height of floor, as bdng 3 feet 7 and 
54 inches above top of rail. I also understand that the house platforms, under para- 
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graph 30, covers refrigerator cars only. I am wondering what attitude the Committee 
will have on this new box car proposed by the Mechanical Division. I am serving on a 
committee with the Terminal Engineers of the City of New York where we were endeav- 
oring to arrive at a height of platform to serve both cars and automobile trucks. We 
have been confronted with the 4-foot height of platform as being the average height, 
and the box car proposed, the floor of which is lower. 

Mr. E. T. Johnston: — I assume this is more general. This paragraph 30 refers to 
refrigerator cars, of which I believe the floor height is approximately 4 feet. 

Mr. A. R. Wilson: — This dimension agrees with the Clearance Committee’s recom- 
mendation now in the Manual? 

Mr. E. T. Johnston (Erie): — ^Yes. 

The President: — Mr. Wilson, in that same connection, as I understand it, you are 
not satisfied with the dimension shown in paragraph 28. Is that right? 

Mr. A. R. Wilson: — It is paragraph 30 I question, Mr. President, the 4-foot height. 
I say that agrees with what is now in the Manual for the refrigerator cars. I am won- 
dering what attitude the Committee may have on this new A.R.A. box car. 

Mr. E. T. Johnston; — This is intended to refer, naturally, to contacts for refrigerator 
cars only. 

The President: — What height of floor is there on the new A.R.A. car? 

Mr. A. R. Wilson: — It is 3 feet, 7 and H inches. 

The President: — That is the test car, the one the Pennsylvania now has on trial? 

Mr. A. R. Wilson: — Yes, sir. The heading reads “Design of Steel-Sheathed Box 
Car.” It is to be used in interchange service. It is dated June, 1932, and issued by the 
Mechanical Division of the American Railway Association. 

Mr. E. T. Johnston: — I do not see that that is exactly applicable to this situation, 
Mr. Wilson, where we are figuring on refrigerator cars. 

Vice-Chairman M. J. J. Harrison: — Is not the answer to Mr. Wilson’s point that 
the Yards and Terminals Committee can and will take cognizance of the situation that 
he mentions in future study of freight house platforms and similar facilities? In so far 
as Produce Yard platforms are concerned, the Yards and Terminals Committee feels that 
the recommendations as submitted in the report here under consideration are proper 
and correct. 

The President: — Is there further discussion? 

(The motion was put to a vote and carried.) 

Mr. E. T. Johnston:— On page 176 of the same Bulletin there is a condensed sum- 
mary of data obtained from questionnaire circulated in 1931. It is submitted as infor- 
mation and I move that it be received as such. 

Mr, W. A. Radspinner (Chesapeake & Ohio) :— Reference is made here to special 
features: “Special features should be considered, such as heating, refrigeration, air condi- 
tioning, ripening rooms and special requirements of the dealers.” The location of these 
ripening rooms may have quite an effect on the insurance of the whole property. As a 
rule, these rooms are equipped with facilities for using ethylene, a compressed gas. This 
gas is flammable and burns in air when the proportion of ethylene to air is between 
3 and 34 per cent. When mixed with air in these proportions an ignition by electric 
spark, flame or heated surface will result in an explosion. The location of such a haz- 
ardous operation and the storage of the compressed gas cylinders should be installed 
and operated according to the recommended safeguards for the coloring of fruits and 
vegetables issued by the National Board of Fire Underwriters. 
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The president: — Is there any more discussion? This part of the report, as you 
know, is submitted as information only. The last speaker possibly overlooked the fact 
that we have passed on the point that he has brought out. 

Do you want that matter reopened or shall we just let it go ? If there is no objection, 
we shall let it go, as it was voted on before. Page 176 is accepted as information. 

Vice-Chairman M. J. J. Harrison:— Subject (6)<, as assigned to the Yards and 
Terminals Committee, is Hump Yards. This report, including proposed Manual material, 
will be presented by Mr. E. M. Hastings, Chairman of the Sub-Committee. 

Mr. E. M. Hastings (Richmond, Fredericksburg & Potomac) :— On page 168 this 
material is offered this year for the Manual. It is entitled Hump Yard with Retarders. 
It has been before us for sometime, was reported on at least last year as information, and 
has been boiled down now to something that is really workable and is in such condensed 
form that we are offering it for the Manual, and I will so move. 

(The motion was put to a vote and carried.) 

Mr. E. M. Hastings: — We now turn to page 177, running through to page 189, 
where you will find the report of the Sub-Committee for this year, which is really com- 
pleting work that has already been before you in reports of previous yeans, particularly 
the report of last year. We are coming down now to more concrete examples and we 
are presenting this year two studies of what might be termed the Graphic Methods that 
may be used in designing hump yard gradients for use in connection with the application 
of car retarders. These methods are Graphic Method ‘‘A”, which is an application or 

a presentation of the method to a yard which was shown as Fig. 1 in last year’s report, 

and Graphic Method “B”, the application of a method to a different yard, composed 
of some 50 tracks, such as shown as Fig. 5 in this year’s report. 

Since the publication of this Bulletin we have received some very interesting written 
discussion, particularly from Director Roberts, which the Sub-C'ommittee will carefully 
review during the coming year in its study of hump yards. We will welcome written 
discussion of this subject. It is quite lengthy and will bear some very careful and inten- 
sive study. 

There is one thing that we have not yet developed for the hump yard which we 

hope we may be able to develop this year, particularly those of us who have hump 

yards in operation. That is some more business for them. 

This report is offered as information. 

The President: — Are there any questions to be asked? Is Mr. Elsworth here? 

Mr. R. B. Elsworth (New York Central): —My remarks on this subject arc intended 
to be constructive. I should like to digress just a minute to say that in the capital city 
of the Empire State we have just built a beautiful new office building. It cost a great 
deal of money. They made just one little mistake and that was that they forgot the 
mail chute. 

This Committee has presented an excellent power retarder layout. They have pre- 
sented some plans in previous reports. They are splendid, but I cannot find anything 
in the Manual or in the Proceedings as to what the space .shown between the retarders 
and switches is for. Referring to Fig. 1, the track layout is excellent. It shows the 
tower location and other details. It also shows a distance, without dimensions, between 
the switch and the car retarder. The purpose of that distance is to provide space for 
the track circuit to prevent the throwing of a switch beneath a car. There is a possibility 
in designing a track layout to cost many thousands of dollars for someone to draw up 
a layout without giving full cognizance to all the details, and it is entirely possible that 
an Engineer would take this layout and try to improve upon it, in his own mind, by 
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leaving out the distance which has been provided between the car retarder and the 
switch for a definite purpose. 

After the plan is drawn sometimes it is rather embarrassing to change it. I have 
known cases, not with car retarders but with other track layouts, where the steel had 
actually been put in the track and had to be changed due to lack of consideration of 
some of the features involved. 

It is suggested that in future reports the plans in some way indicate that the sub- 
ject of track circuits must be decided before plan is prepared. 

Mr. E. M. Hastings: — The Committee thanks Mr. Elsworth for his comment. The 
Chairman of the Sub-Committee received a letter from him after he reached Chicago 
but he did not have time to get into it very thoroughly. The matter of track circuits in 
the layout of retarder humps is one that has been given a great deal of attention and 
there is a great difference of opinion concerning it. I know of one very extensive yard 
which is being very successfully operated today without any track circuits. I know of 
another where they are having considerable trouble because of derailments, switches being 
thrown under cars. 

The Committee will take this matter under consideration and study in its future 
work. 

The President: — If there are no other questions, I want to say, Mr. Hastings, that 
you will be excused with the thanks of the Association. 

Vice-Chairman M. J. J. Harrison: — Subject (8) is that of the Location and Design 
of Airports in Coordination with Railway Facilities. Mr. G. F. Hand, the Chairman of 
the Sub-Committee, is unavoidably absent. The report will be found on pages 189 to 
197 inclusive of Bulletin 350. Mr. Hand has prepared and sent to me a memorandum, 
partly as an introduction to the Sub-Committee’s report and partly in amplification there- 
of, reading as follows: 

“This report is necessarily confined to the coordination between rail and air services 
at common points, and it shows what this coordination is at the present time and the 
requirements in respect to the location of airports and method of ground transportation 
between rail terminals and airports. The tabulation beginning on page 194 of the Bulle- 
tin shows the points at which the air and rail facilities are coordinated, the method of 
coordination, and the nature of the ground transportation. It will be noted that such 
coordination is quite limited at the present time, although one additional air line has 
scheduled air-rail connections since the report was written. 

“In the past, air lines have organized their business and schedules on an entirely inde- 
pendent basis, except for the few cases of coordination referred to. At the present time, 
however, there are indications that the air lines are recognizing the fact that they do 
not reach the destination points of the average traveler, and if their business is to be 
expanded they must make the air service attractive to those who necessarily must travel 
part way by rail. 

“This report was written five months ago and because of the rapid growth of air 
traffic there have been many changes since that time. However, the report presents a 
fair picture of the .situation in respect to air and rail coordination and the principal 
features of this coordination have not changed since the report was written. Anyone 
who wishes to keep up to date should have his name on the mailing list of the United 
States Department of Commerce, Aeronautics Branch, so that he may receive the Air 
Commerce Bulletins as issued. He should also consult the Official Aviation Guide, which 
is published monthly and shows, among other things, air- rail connections. 

“Because of financial conditions there has been somewhat of a slow-up in the devel- 
opment of air traffic, but there has also been a further consolidation of air lines so that. 
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as of January of this year, there were only 37 air transport operators in this country 
covering both domestic routes and routes to foreign countries. 

‘‘An examination of the airway map opposite page 190 in the Bulletin shows clearly 
that the air lines are organized on a national basis rather than on sectional lines as are 
the railroads, and consolidations which arc taking place emphasize this feature. What 
I wish to point out is that individual railroads are not in a position to enter into the 
airway business. Airway business is national in character, the same as is the Railway 
Express Agency, and it seems to me that if the railroads are to furnish air transporta- 
tion as well as ground transportation, it must be handled as a national organization par- 
ticipated in by all railroads, as is the express business. 

“It is the experience of the Sub-Committee Chairman that operators or prospective 
operators of air lines consider the railroad organizations as representing the top notch in 
obtaining traffic and handling passenger and freight transportation, and many of these 
air line operators desire to take advantage of the railroads’ traffic, ticket selling and 
station facilities, and sometimes of their rail facilities, as a foundation on which to 
build up their air operations. 

“In any negotiations for coordination of air and rail facilities, the railroad man 
should not underestimate the value of his organization and ground facilities. While it 
is commonly considered by air line operators that the ideal method of coordination is 
through the use of the railroad to carry passengers from a terminal, favorably located 
in a city, to the airport which necesarily is located outside of the city, generally speak- 
ing, there are several vital objections to this ground transportation being via rail: 

“First, locations adjacent to the tracks are seldom suitable for airports. At any 
rate, wire lines should be put underground and the runways located so that the trains 
themselves are not an obstacle to flying. 

“Second, the operation of rail cars, suitable for handling passengers, on busy main 
line tracks is usually objectionable, due largely to interference of schedules and also to 
the possibility of a light rail car failing to operate automatic signals. There is usually 
the further complication of switching such a rail car to a siding at the airport, or of 
compelling passengers to walk a considerable distance to board airplanes, all of which 
tends to slow up the operation. 

“Third, the cost of operation of a special rail car in such service is much higher than 
for ground transportation by means of buses. Studies made by the Sub-Committee 
Chairman indicate that, from all angles, the bus or limousine, operated on a schedule, 
provides the best method of ground transportation between rail terminals and airports. 

“The air express business is growing. As of January of this year there were 46,821 
miles of air lines carrying express in this country and between this country and foreign 
points. Of this, the Railway Express Agency ship air express over n,3v^l air miles. 
Through coordination with railroads, the Railway Express Agency offers the only true 
coordination with air facilities, and there are great possibilities in this direction. 

“The air lines are now serious competitors of the railroads in point of speed and 
cost of transportation, and if, in line with the best thought of today, the railroads are 
to be the one great transportation agency, it is high time that the railroads collectively 
take steps to operate air lines on a national basis, making use of their own individual 
traffic and ticket selling facilities.” 

This report is submitted as information and I ask its acceptance as such. 

The President:— Are there any questions to be asked? If there is no objection, it 
will be so received. 

Vice-Chairman M. J. J. Harrison: — ^Under the general heading of Revision of Man- 
ual; ^your Cdminittee nOw presents the material beginning ne^r the bottom of page 169 
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and continuing to the bottom of page 172 of Bulletin 3^0. This comprises a set of 
specifications for Railway Track Scale Test Weight Cars. This material was presented 
as information at the 1932 convention and, as explained at that time, was developed in 
collaboration with the Committee on Car Construction, Mechanical Division, A.R.A., and 
the National Scalemen’s Association. 

The specifications cover the following details, as designated by these section head- 
ings; Definition, Classification, Primary Requirements, Body Features, Running Gear, 
Brake Gear, Draft Gear, Couplers, Safety Devices, Fittings, Painting, Stenciling, Super- 
cargo Identification, Compartment Cars. 

In written discussion submitted to the Secretary of the Association when this ma- 
terial was presented a year ago, some revisions of the specifications were suggested. 
These proposals have been carefully considered by the Committee during the past year. 
However, since no point was raised which had not previously been carefully considered 
and unanimously agreed on, the Committee concluded not to recommend any changes in 
the proposed form. 

It is moved, Mr. President, that the specifications for Railway Track Scale Test 
Weight Cars, as they appear in Bulletin 350, be approved for publication in the Manual, 
and that they be designated as Section VI, under the general heading, “Rules for the 
Location, Maintenance, Operation and Testing of Railway Track Scales.” 

If this motion prevails, Mr. President, I will offer another motion to cover dis- 
position of present Section VI under this heading. 

The President: — Is there any discussion? Mr. Harrison, I imagine that that has 
also been taken up with the other bodies, outside of the associations mentioned. 

Vice-Chairman M. J. J, Harrison: — Yes, sir; it has. It is agreeable to the other 
participants. 

(The motion was put to a vote and carried.) 

Vice-Chairman M. J. J. Harrison: — I now move, Mr. President, the deletion of 
paragraphs 2 and 3 of old Section VI of “Rules for the Location, Maintenance, Opera- 
tion and Testing of Railway Track Scales,” for the reason that the material just adopted 
replaces these two paragraphs; the renumbering of paragraphs 4 to 11 inclusive of this 
Section as, respectively, paragraphs 2 to 9 inclusive, and the renumbering of the Section 
as VII. 

The President:— Is there any discus.sion? Are there are any remarks? Are you 
ready to vote? 

(The motion was put to a vote and carried.) 

Vice-Chairman M. J. J. Harrison: — ^Your Committee at this time presents the material 
headed Appendix E, pages 197 to 202 inclusive, of Bulletin 350. This Appendix covers 
two subjects: (a) Rules for the Maintenance and Transportation of Track Scale Test 
Weight Cars, and (b)- Definition of a Standard Test of a Railway Track Scale, 

The maintenance and transportation rules virtually consist of a revision and expan- 
sion of the material appearing in new Section VII (old Section VI) of “Rules for the 
Location, Maintenance, Operation and Testing of Railway Track Scales.” The standard 
test definition is essentially new material. Both of these preparations, that is to say, Ap- 
pendix E in its entirety, are here submitted as information and it is recommended that 
they be so received. 

The President:— Is there any question or discussion? If there is no objection they 
will be so received. 

Vice-Chairman M. J. J. Harrison:— Subject (10) is that of Bibliography 
on subjects pertaining to yards and terminals. The report will be presented 
by Mr, E. E. R. Tratman, Chairman of the Sub-Committee, who compiled the report. 
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While Mr. Tratman is cominK forward I wish to say that the Committee feels greatly 
indebted to him for the careful and painstaking preparation of not only this report but 
also those which he has prepared in previous years. 

Mr. E. E. R. Tratman;— There is not very much to be said about this. It is not 
a controversial subject. It is rather a list of where to find what you want to find when 
you want it, if you want it. They say the proof of the pudding is in the eating. If you 
do not eat the pudding you do not know whether it is good, bad or indifferent. If you 
do not use this bibliography, you do not know whether it is any good. There arc occasions 
when a good bibliography is very useful and may save much time otherwise spent in a 
rather hap-bazard search for important information desired. I have cooked up the 
bibliography pudding and 1 will say this for it: It looks pretty good. I hope you can 
use it and I hope you like it (Applause). 

Vice-Chairman M. J. J, Harrison:— I ask that the Bibliography be received as in- 
formation. 

The President:— That dessert was pretty short. Do you want to ask Mr. Tratman 
any questions on it? If there is no objection, it will be received as information. 

Vice-Chairman M. J. J. Harrison:— As indicated on page 167, your Committee 
desires to report progress at this time on the remaining subjects which were assigned to 
us, namely, 3, 4, 5 and 7, as they appear in the outline of work. 

Unless there is something further that you desire to take up, Mr. President, that 
concludes the current report of the Yards and Terminals Committee, and I move its 
acceptance. 

The President:— If there is no objection it will be so accepted. Are there any ques- 
tions that the members here would like to ask this Committee? In the operation of 
trains over the right-of-way, particularly the last few years, and in analyzing that move- 
ment, a great deal has been said and written about the speed between one terminal and 
the other. Your freight train movement has been making unusually high speed, another 
stoi-y of the expediting of traffic. The railway executives, in analyzing this in the past 
few years, have found that the trains cover their Division runs at exceptionally good speed 
but lay ten or more hours in their terminals. 

I think, with the hump yards and the classification of yard movements, that time 
has been cut down materially. That has aided materially in connection with expediting 
traffic. I thought I would mention that beause this Committee on Yards and Termi- 
nals, which may not get the recognition, has contributed to the simplification of move- 
ment on railroads in general. They are excused with the thanks of the Association 
(Applause). 

Mr. Harrison, do you still think you should not have air brakes on scale test cars? 

Vice-Chairman M. J. J. Harrison;— Yes, sir. 



DISCUSSION ON SHOPS AND LOCOMOTIVE TERMINALS 

(For Report, see pp. 251-^260) 

Mr. L. P. Kimball (Baltimore & Ohio): — The report of the Committee on Shops 
and Locomotive Terminals will be found in Bulletin 350, beginning on page 251. This 
year the Committee i.s presenting reports on three subjects: (3) Firing-Up Stations for 
Locomotives; (4) Turntables; (5) Application of Unit Heaters to Shops and Loco- 
motive Terminals. 

In the enforced absence of Mr. Laffoley, Chairman of Sub-Committee (3), I will 
undertake to present his report lor the Committee. This report is found in Appendix 
251, and the report in its entirety is in the shape of conclusions, which arc 
presented as information only. 

The Pre.sidcnt: — Are there any questions? Is there any discussion? If there is no 
objection, it will bo so received. 

Mr. W. F. Steffens (New York Central): — Before we leave that subject, I believe 
that the number of railroad men present warrants a special word of caution about 
firing-up of locomotives. A very serious hre several years ago resulted in the destruc- 
tion ot an entire plant due to a homemade, pressure, fuel oil device left by the employees 
for a few moments to get (heir luncheon handy before finishing the job. They returned 
to find the supply hose di.^'connected from the device, and the entire plant in flames. 
The total loss of this structure occurred in Indiana, not so far from where we are 
meeting today. 

The Committee has fortunately recognized the aspirating device, the vacuum system. 
There are obtainable vacuum sy.stems, complete portable devices for firing-up locomo- 
tives that come into shops and terminals. Before the Committee leaves this subject, I 
certainly and sincerely trust, on behalf of the Railway Fire Protection Association, that 
a little more stress will be iflaced on the vacuum .system which is absolutely safe, inas- 
much as if the air supply fails the oil .simply runs back to the .supply tank and there 
is no hazard involved. May I call that to the attention of the Committee most respect- 
fully as a comment from an outside organization? 

Chairman L. P. Kimball:— We would be very glad to lake that into account. The 
Committee perhaps has not laid enough stress on the difference between the two systems. 
Both system.s are in use and the information as to present practice was presented as 
information. 

The next subject is that of Turntables and will be presented by Mr. J. M. Met- 
calf, Chairman of that Sub-Committee. 

Mr. J. M. Metcalf (Miasouri-Kan.sa.s-Tcxas) The Committee submits as infor- 
mation, on pages 254 to 256 of Bulletin 350, a brief discussion of the functions of turn- 
tables, their place in locomotive terminal design, and essential general features of con- 
struction and maintenance. It has not undertaken to go into the more technical study 
of design and specilications for turntables, which has been thoroughly covered by Com- 
mittee XV— Iron and Steel Structures, whose conclusions, in the form of specifications 
for steel railway turntables, appear in the 1929 Manual, pages 1234 to 1239. 

The Committee recommends that its conclusions, Nos. 1 to 10 inclusive, as printed 
on page 256 of Bulletin 350, he substituted for the mutter now included under the sub- 
heading “Turntable” and “Turntable Pit,” under the subject heading “Engine House 
Design,” on page 1471 of the 1929 Manual, as revised by paragraph (a) under “Engine 
House Design,” page 71 of Bulletin 347. 

I move that these conclusions on page 256 be adopted. 
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Mr. B. R. Leffier (New York Central)-; — Since these conclusions are to go into the 
Manual, it might be well to look them over a little bit. 

The President: — ^Would you like to have Mr. Metcalf read them? 

Mr. B. R. Lefder (New York Central):—! think they should be read. 

The President: — They will be so read. Please read each paragraph and then pause 
to see if there is any discussion of it. 

Mr. J. M. Metcalf: — “1. Use of a three-point turntable is preferable where long 
locomotives are to be handled. If balanced type table is used, it should be long enough 
to balance the locomotive when tender is empty.” 

Mr. B. R. Leffier (New York Central) : — I would .say that that might have a bear- 
ing on the converting of the old tables into three-point tables. It is not necessary to 
have the three-point type if you put in new end trucks of sufficient capacity and heavy 
enough tractors. Take the ordinary balanced type table. By this device you can quite 
often save considerable money and make the old table serve for years to come. 

Mr. J. M. Metcalf: — That is true and is recognized in the discussion. We did not 
include anything on that matter in the conclusions. I think it is a matter of design 
which properly should be gone into in detail by the Committee on Iron and Steel Struc- 
tures rather than by this Committee. We have brought out in the discussion the fact 
that such conversion is practicable. 

Mr. B. R. Leffier: — I think it should be recognized here if this is to go into the 
Manual. 

The President: — It appears to me that Mr. Leffier is right. On certain roads the 
one-point bearing table has been converted into the three-point bearing table. The 
design and modification of that conversion has been handled by the Bridge members in 
collaboration with the Steel members. Am I right, Mr. Leffier? 

Mr. B. R. Leffier:— That is right. 

The President: — I think Mr. Lefflcr’s point is that No. 1 should be broadened just 
sufficiently to cover that modification. Is that correct? 

Mr. B. R. Leffier:— That is correct. I suggest it be so modified. 

The President: — I do not suppose it would do any harm to add that, would it? 

Mr. J. M. Metcalf:— No. 

The President: — And extend its scope? Would you have any objection, Mr. Leffier, 
to letting the Committee be the judge as to modifying the paragraph to cover that point? 

Mr. B. R. Leffier: — That will be satisfactory, so far as I am concerned. 

Mr. J. M. Metcalf: — “2. A deck turntable is usually more economical, but in the 

balanced type a through table may be desirable where use of a deck structure would 
greatly increase the cost or make satisfactory drainage difficult.” 

“3. Where modern heavy locomotives aie to be turned, mechanical power for 
operating turntables should be provided. Where current is available, electricity is the 
most reliable means of operating a turntable. The power wires should be led to the 
table underground and so arranged as to minimize danger of interruption of supply in 
case of fire in the engine house or other emergency. Where electric power is not avail- 
able, a compressed air motor may be used.” 

Mr. B. R. Leffier:— I have a few points I want to bring out on that point — “The 
power wires should be led to the table underground.” I think there is a chance and 

possibility of a great difference of opinion. We used to do it that way and gave it up; 

we now bring the wires up over the top to a properly constructed frame over the center 
of the turntable. There are many advantages. You can see the wires; they are not 
subject to flood conditions. I should like to ask whether the Committee has considered 
the matter from all angles. 
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Mr. J. M. Metcd,lf: — The Committee discussed that question and it was the view of 
a number of members of the Committee that overhead wires were in more danger from 
fire, more liable to interruption from various causes, and that the underground construc- 
tion was preferable. 

Mr. B. R. Leffler: — I am inclined to think that if this convention could be polled 
on this detail there might be a great deal of divergence from that conclusion. I know 
that the electrical department of our part of the railroad, in my own personal experience, 
is against bringing the wires up through the center. I should like to ask: Has the Com- 
mittee covered the matter by questionnaire? 

Mr, J. M. Metcalf: — ^We did not. We would be glad to know the reasons for con- 
sidering the overhead construction preferable in view of the danger of fire, wind and 
other possible accidents. 

Mr. B. R. Leffler: — It seems to me that the question of fire and wind is a matter 
of design. We are not putting everything underground to get rid of fire and wind. 

Mr. J. M. Metcalf: — What are the advantages of the overhead construction, if I 
may ask? 

Mr. B. R. Leffler: — The wires can be inspected, which is a great advantage from a 
maintenance standpoint. Another advantage is that all of the contacts can be seen 
and are not buried underground, beneath the table, where water and dirt and other 
obstructions can put the table out of service. 

Mr. J. M. Metcalf: — Do such objections hold against a properly constructed under- 
ground conduit, such as is customary for power wires? 

Mr. B. R. Leffler: — I do not know, but we have not been very successful in that. 
Perhaps we have not had sufficient designing skill. Anyhow, I think this is not a matter 
that should be passed upon and put into the Manual without having it very carefully 
passed upon by Electrical Engineers as well as Structural Engineers. I think the field 
should have been canvassed by a thorough questionnaire. I am not in favor of ques- 
tionnaires as a cure-all, but I think a proper questionnaire on this would bring out some 
interesting points as to practice. 

The President: — Is there anyone else who would like to make some remarks on 
that paragraph? 

Mr. G. S. Fanning (Eric): — If our practice is any indication of what ought to be 
done, I certainly agree with Mr. Leffler, because all our installations are overhead. 

Mr. 0. E. Selby (Big Four) : — I support Mr. Leffler in his contention that the wires 
should be overhead. In the interest of safety and simplicity of maintenance, that should 
bo done. I think Mr. Leffler is wrong in his other contention that he made a few min- 
utes ago with respect to putting in the report the alteration of the balanced table into 
the three-point bearing table, but it is a pleasure for me to agree with him on this point. 

I think this paragraph should not go into the Manual without further consideration. 

Chairman L. P. Kimball: — Apparently the New York Central Lines have been so 
fortunate as not to have had experience with fire similar to one of the engine houses 
that I happen to know of on the Baltimore & Ohio. In that case we lost a frame engine 
house with 35 engines stored in it at the time. The turntable early in the fire went out 
of service due to the fact that the wires to the operating equipment were overhead. If 
those wires had been underground we probably would have been able to get a large 
number of those locomotives out and away from the fire. It was the thought of the 
Committee, while recognizing the accessibility of overhead wiring connections with turn- 
tables, that the safety, from a fire protection standpoint, of the underground wires justi- 
fied the recommendation as contained in the conclusion. 
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Mr. O. E. Selby:— I think the example of a frame online house should not be given 
much weight. I am sure nobody here wants to advocate the use of frame engine houses. 
In the case mentioned by the Chairman of the Committee, the destruction of the wires 
to the turntable eQuipnient would have been uv^oided by a i)roi)er installation of those 
wires. I have no doubt that the wires, in the ca.se he mentioned, ran directly from the 
engine house to the turntable. If there had been a proper installation of the wires, with 
an independent route from the source of power to the overhead frame, there would have 
been little likelihood of the trouble occurring. 

Another feature that is important is the drainage, the flooding of the turntable pit. 
There is a great deal more likelihood of the turntable pit being flooded than there is of 
the engine house taking fire. Turntable pits of good design, with proper drainage, may 
from time to time be flooded by the .stopping up of drains or by excessive .snowfall A 
great many things of that kind can happen, whereas a fire happens once in a great 
many years. 

Mr. Arthur Ridgway (Denver & Rio Grande Western) I do not know whether it 
makes any difference to this Committee reporting on turntables as to how the wires 
are brought to the turntable. Probably none of us would wire a turntable except in 
the manner which we thought was best under the circumstances anyway. I do not like 
to see the conclusion thrown out because of the peculiar wording of it. 1 wonder if the 
Committee would be willing to accept this for the third sentence: “The power wires 
should be led to the table in such an arrangement as to minimize danger of interruption 
of supply in case of fire in the engine house or other emergency.'’ That leaves the choice 
of underground or overhead, whichever is better. 

Mr. J. M. Metcalf: — The Committee would have no objection. 

Mr. L. B. Allen (Chesapeake & Ohio): — I wish not to agree with that because I 
think it is the province of this Association to recommend the best practice. We should 
not leave it up in the air. One of these ways is the better way. They cither should be 
put underground or overhead. Some peculiar circumstance or location may change that 
in special cases. In general, one method or the other is the better method, one is better 
from the fire protection standpoint and the other from a drainage standpoint. It seems 
to me that as the wiring for signal and other work is put underground, this could be put 
underground without fear of trouble or interruption to service due to drainage. I 
should very much like to see the Committee go on record with a definite recommendation. 

The President: — I do not believe anybody .seconded Mr. Ridgway’s motion. Was 
that in the form of a motion? 

Mr. Arthur Ridgway: — No. I just asked if the Committee would be wiling to ac- 
cept that change. 

The President:— As a suggestion? The Committee, as I understand it, had no 
objection to it. 

Mr. B. R. Leffler:— If the discussion is about closed, I was going to make a' motion 
to the effect that Conclusion No. 3 be referred back to the Committee for further 
study. 

Mr. J. A. Peabody (Chicago & Northwestern) : — I have not much to say except about 
one feature of this proposition. It is easy enough to put cables under a railroad and 
have them safe, but to carry those wires up on the turntable is another matter. To keep 
them free from trouble due to improper drainage is a difficulty that is being experienced 
everywhere. I know that in our own case we have had wires underneath and we have 
taken them out and put them overhead, preferring the good day-by-day operation to the 
possibility of difficulty in case of fire emergency. We do not have fires very often, and we 
use the turntables every day. 
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I would therefore suggest that this be sent back to the Committee for further con- 
sideration or the elimination of that third sentence entirely. 

In order to get it before the Association properly, I move the elimination of the 
third sentence. 

The President: — Please read the sentence to be eliminated. 

Mr. J. A. Peabody: — “The power wires should be led to the table overhead and so 
arranged as to minimize danger of interruption of supply in case of fire in the engine 
house or other emergency.” 

Mr. B. R. Lefllcr: — That does not answer the question. The Association does not 
want to evade a question because they cannot answer it. Which is the better practice 
is the question, overhead or underground? 

I am in favor of turning it hack to the Commiltee for further study to answer that 
question. I so make a motion. 

Mr, Arthur Ridgway: — I move an amendment to the motion that is before the 
house, that only a part of the third sentence be eliminated, so that it will read this way: 
“The power wires .should be led to the table in such an arrangement as to minimize 
danger of interruption of supply in case of fire in the engine house or other emergency.” 

The President:— Is there further discussion? 

Mr. 0. E. Selby:— I second Mr. Ridgway’s amendment. 

The President: — Mr. Peabody, have you any objection to the last amendment? 

Mr. J. A. Peabody: — I could not hear it. 

The President:- -Will you please repeat it, Mr, Ridgway? 

Mr. Arthur Ridgway: — It is the elimination of four words and the substitution 
therefor of four, so that the sentence will read this way: “The power wires should be 
led to the table in such an arrangement as to minimize danger of interruption of supply 
in case of fire in the engine house or other emergency.” 

Mr. L, B. Allen:— We arc still begging the question. I think wc ought to deter- 
mine which way it should be clone if wc arc going to put this into the Manual and go 
on record as a recommended practice. 

Mr. J. A, Peabody: — I do not believe (hat fully covers the idea. I do not believe 
that the danger of lire is the important one. Really the important thing is the day-to- 
day operation. That is the thing of most importance. Therefore, I believe that the 
whole matter must go back for reconsideration. 

The President:— "You are talking now about No, 3. That has been seconded. 

Mr. B. R. Lefllcr:— The original motion was made to that effect. 

The President: --I am trying to find out how many of these we have to vote on 
at a time. I want to give all you fellows a whack at it to sec if we can improve it. 

The President:— Mr. Lefflcr, would you object to voting on the last motion? 

Mr. B. R. Leffler: — According to parliamentary procedure, I think you have to 
recognize the motion and the amendment that was seconded. Vote that down and then 
come to my motion. 

Mr. (I S. Fanning: —I do not believe that wc ought to send it back to the Com- 
mittee. It is something that could be settled here. I should like to make a further 
amendment, so that (he third .sentence will read: “The power wires should be led to the 
table overhead and so arranged as to minimize danger of interruption of supply in case 
of fire in the engine house or other emergency.” That is changing the one word “under- 
ground” to “overhead.” 

Mr. B. R. Leffler:— I had the same idea. I wanted to be a little more lenient toward 
the ('ommitiee and give them a chance to .study it more. I am ready to vote on “over- 
head,” so far as I personally am concerned. 



788 


Shops and Locomotive Terminals 


Mr. L. B. Allen: — I do not think we ought to decide here on this “overhead.” I 
think we ought to send it back to the Committee and let the Committee give the matter 
some further study or send out a questionnaire and decide it on its merits, instead of 
trying to decide it here on the floor with so much division of opinion. I should like 
to get a vote one way or the other, though it might not be an indication of what is the 
proper practice. This Association certainly ought to be able to develop what is proper 
and then recommend it. 

Mr. Meyer Hirschthal (Delaware, Lackawanna & Western) : — Inasmuch as this Com- 
mittee has not had time to study this subject, here in convention we take a half-baked 
idea that each of us may have and try to put it over with possibly just an impulsive no- 
tion in our heads. That is not fair to the Committee that has given this study. That is 
why I prefer to have it referred back to the Committee for further study and considera- 
tion of the views that were expressed on the floor. 

The President: — I did not want to get into this discussion from a personal angle, 
but I am glad it came out because you have not got the engine house gang in this yet. 
If you go out to the round house gang, which is a pretty tough gang, you are going to 
find more trouble with feeding the motor to give them power to turn the table with a 
wire underground, instead of leading the wire from the building to the motor to turn 
the table. There are certain locations where I think the underground is the better; at 
other locations I think the overhead is the better. For the round house gang, you will 
find you will have less confusion with the overhead than with the underground. That 
is my own personal opinion. I think we ought to settle this one way or the other or 
turn it back. 

Mr. G. S. Fanning: — Question! 

The President: — The first amendment is to change this Rule No. 3 from “under- 
ground” to “overhead.” Is that correct? Are you ready for the question? All in favor 
say “aye”; contrary, “no.” The “noes” have it. 

Mr. B. R. Leffler: — ^What about my amendment? 

The President: — Mr. Leffler, the original amendment stands now, I think. It was 
to refer it back to the Committee for further study. 

Mr. Edwin F. Wendt:— If I remember correctly, Mr. Ridgway’s amendment would 
be next in order. 

The President: — Mr. Ridgway’s amendment is now in order. His amendment was 
in regard to changing the third sentence of that paragraph. Do you want the paragraph 
read again? Do you all understand the amendment? All in favor will says “aye”; 
contrary, “no.” The amendment is lost. 

The next is Mr. Leffilcr’s motion. The motion is to refer it back to the Committee 
for further consideration. 

Mr. Arthur Ridgway: — ^The next amendment was that we eliminate the third sen- 
tence entirely. 

The President:— Mr. Peabody’s. I guess he is right. The next one is to eliminate 
the third sentence entirely. Well, we are going to vote on it anyway. All in favor will 
say “aye” ; contrary, “no.” That amendment is lost. 

The next is Mr. Leffier’s motion to refer paragraph No. 3 back to the Committee 
for further consideration. All in favor will say “aye”; contrary, “no.” The “ayes” 
have it, and the motion is carried. 

Proceed, Mr. Chairman. 

Mr. J. M. Metcalf: — “4. The deck of the turntable should be wide enough to pro- 
vide a walk on each side, and should be protected with handrails.” 

The President: — ^Is there any discussion? 
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Mr, J. M. Metcalf: — “5. The turntable pit should be paved and adequately drained.” 

Mr. B. R. Leffler: — No 4 makes it really mandatory to have a walk on each side. 
There are a good many places where a walk on one side ought to be enough. 

Mr. J. M. Metcalf: — The Committee does not agree with that. I think a walk on 
each side is certainly desirable. It should be wide enough to provide a walk on each side. 

Mr. B. R. Leffler: — I just want to bring out the point that at a small terminal that 
may not be necessary. 

The President: — If there is no further objection, you will proceed. 

Mr. J. M. Metcalf: — “6. The circle wall should preferably be of masonry, with 
proper supports and fastenings for rails on the coping. A timber or steel coping is 
preferable to a rigid masonry coping.” 

Mr. Meyer Hirschthal: — Do you mean concrete masonry? “Masonry” is a rather 
indefinite term; it may be brick, concrete or stone. Is it the thought of the Committee 
to have this concrete masonry? 

Mr. J. M. Metcalf: — To have it concrete, yes. 

The President: — And the Committee will accept that? 

Mr. J. M. Metcalf:—Yes. 

“8. Easy access to the parts of a turntable for the oiling of bearings, painting and 
inspection should be provided in the design of the pit, unless ample provision is made 
in the turntable itself.” 

Mr. B. R. Leffler: — I just want to call attention to the fact that in the Manual 
page 1239, the inspection pit itself is made mandatory. The conclusion is all right, but 
it has been based upon the requirement in the Manual. 

Mr. A. R. Wilson (Pennsylvania) : — ^In some cases with the three-point table we 
found it de.sirable to put a well or hole in the circle wall for inspection and renewal of 
the trucks. In No. 8, where it says that point should be provided for in the design of 
the pit, it may include this feature. Otherwise, I think some note should be made of it. 

Mr. J. M. Metcalf: — It is the intention to include just that feature in this provision. 

“9. Thorough lubrication, systematic cleaning of both table and pit, and careful 
inspection at regular intervals are essential to satisfactory operation of a turntable. The 
table should be raised and center thoroughly inspected at least once a year.” 

Mr. B. R. Leffler:--- There should be no more occasion for raising a turntable and 
examining the center than to raise a 250-foot vertical lift or a bascule bridge to examine 
the trunnions. If the turntable center is of proper design and properly lubricated, such 
inspection once a year is not nece.ssary. We have a flat disc center that has been in use 
for twenty years and it has been well lubricated. About three years ago we took it up 
just to sec whether it was nice and smooth. It was as beautiful as a mirror. I do not think 
it will be necessary to take that center up for another twenty years. This idea of taking 
up the center of the turntable is a confession of poor design originally, and the difficulty 
is found mostly with roller-bearing centers, thrust washers grinding to pieces, thrust balls 
grinding to pieces, centers becoming flooded with water and dirt diluting the oil. I am 
not objecting to the conclusion very strongly, but I do not know that it should go into 
the Manual. I do not think there is any particular need of its going into the Manual. 

The President: —Is there any other objection? Do you have any serious objection 
to leaving it as it is? 

Mr. B. R. Leffler:— It does no harm, but I think it is loading the Manual with some- 
thing that is not very valuable. 

Mr, J. M. Metcalf: — “10, Radial tracks should be kept in good line and surface. 
Radial track and turntable rails should be maintained with proper spacing between their 
ends and at proper relative elevation.” 
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Mr. B. R. Leffler: — There is something else, an interesting point. The Committee 
has not said anything in these recommendations about proper turntable centering devices 
at the ends, locking devices. There are a number of simple devices which can be and 
are being used and such devices will prevent derailment of locomotives going off and 
onto the table. 

The President; — I believe the Committee will be very glad to give that consideration 
in their future work. That is particularly true on the single-point or the modification 
of the single-point table. On the three-point table you will find that the engine house 
crew will not use them, but by some proper locking device you can avoid a lot of derail- 
ments in case your table is not in the proper position. 

Will you make a motion on these conclusions? 

Mr. J. M. Metcalf: — I make a motion that we adopt these conclusions with the 
elimination of No. 3. 

The President: — Is there any more discussion? 

(The motion was put to a vote and carried.) 

Chairman L. P. Kimball; — ^The next subject, (5), Application of Unit Heaters to 
Shops and Locomotive Terminals, is found in Appendix C on page 256. This report 
will be presented by Mr. Murdock, Chairman of that Sub-Committee. 

Mr. B. M. Murdock (Illinois Central) : — The report gives a general outline of the 
customary methods of industrial heating prior to the advent of unit heaters. Following 
that is a description of the various types of heaters, selection of system, size and selec- 
tion of heaters, location of heaters in shop buildings, the use of heaters in the engine 
houses, also remarks on automatic control and ciuietness of operation. 

The information set forth is based on a study of the various types of well-known 
and established heaters on the market, together with practical experience gained by a 
number of the railroads through their use of such equipment in shops and locomotive 
terminals, Your Committee has worked in close cooperation with the leading manu- 
facturers of this equipment and they have been given every opportunity of expressing 
their views and recommendations on the subject, and the remarks so received have had 
the Committee’s serious consideration. 

The information here presented is in accord with the recommendations of the Ameri- 
can Society of Heating and Ventilating Engineers. It is recommended that the report 
be accepted as information. 

The President: — If there is no question or discu.ssion, it will be so received. 

Chairman L. P. Kimball: — ^That is all. 

The President: — Does anybody want to ask any question of this Committee? I 
am glad we had this interesting discussion. The Committee is excused with the thanks 
of the Association (Applause)*. 



DISCUSSION ON RECORDS AND ACCOUNTS 

(For Report, see pp. 209-250) 

(Vice-President John E. Armstrong in the Chair.) 

Vice-President John E. Armstrong: — The report of the Committee on Records and 
Accounts will be submitted by its Chairman, Mr. C. C. Haire, Engineer Capital Expendi- 
tures, Illinois Central System. Mr. Haire will please point out the salient items of im- 
portance and tell us what action is desired. 

Mr. C. C. Haire (Illinois Central) : — The report of the Committee on Records and 
Accounts is found on page 209 of Bulletin 350. It covers fourteen assignments dealing 
with accounting, valuation and allied subjects. The first assignment of the Committee 
is the usual subject, (1) Revision of the Manual. The Committee has not made a definite 
report this year but has given consideration to revision of the material through the work 
of other Sub-Committees. This is particularly evident in the report covering the valua- 
tion subject, which will be presented later. 

One of the obstacles that has prevented any extensive revision work is the contem- 
plated changes in the accounting classifications and the depreciation order; also, the modi- 
fication of certain valuation orders made effective the first of this year. All of these 
things have a tendency to affect the future work of the Committee on Records and 
Accounts. There is, naturally, a tendency to withhold any revisionary work until condi- 
tions become more stabilized. 

The second assignment the Committee presents is the one covering Bibliography on 
Subjects Pertaining to Records and Accounts. The Committee has compiled a report as 
Appendix A, and, owing to the ab.sence of the Chairman of the Sub-Committee, I will 
merely call your attention to the compilation, similar to what has been done heretofore. 

Under the next group of subjects, the Committee presents a report on Office and 
Drafting Room Practices. This is shown under Appendix B. To a certain extent the 
material presented is a revision of what ha.s heretofore been published in the Manual. 
I will ask Mr. Avery, Chairman of the Sub-Committee, to present that report. 

Mr. D. L. Avery (Che.sapeake & Ohio): — Report of Committee B-1, Drawings and 
Drafting Room Practice is found on pages 212 to 233, inclusive, of Bulletin 350. 

Your Committee ha.s undertaken the revision of the present Symbols shown on pages 
745 to 757, inclusive, in the Manual. It has worked with such A.R.E.A. Committees and 
is using such data prei)ared by the American Standards Association as comes under tTie 
subject assigned them. 

The subject has been divided into two parts: (A) Engineering Symbols and Office 
Practice, and (B) Electrical Symbols and Office Practice, (a)- General, (b) Signal. 

The first group of Symbols has been prepared and is submitted hereafter as Exhibit 
1. This Exhibit comprises nineteen sheets which cover thirty-five subjects. A total of 
500 different symbols are .shown. 

The Committee has not had sufficient time to thoroughly study this subject and sub- 
mits Exhibit 1 as a progre.ss report only. It recommends that the subject be continued 
in order that this Exhibit may be revised and that the Electrical Symbols may be pre- 
pared. The .subject will be continued progressively. 

This report i.s offered as progress only. 

Vice-President John E. Arm.strong:— Is there any discussion? 

Mr. J. C. Irwin (Boston & Albany): — I want to express a note of confidence in 
the work of thi.s Committee. They are working in cooperation with the American Stand- 
ard.s As.sociation and I know that this Committee is getting proper collaboration from 
Sectional Commiltee.s of the A.S.A. and also from the Signal and Electrical Sections. 
Under Mr. Hairel^^ direction, I think Mr. Avery and Mr. Walsh and the others are pro- 
ceeding in the best line possible. If they continue a.s they are going, the results of their 
work will he very valuable. 
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Vice-President John E. Armstrong: — Is there any further discussion? 

Mr. W. A. Radspinner (Chesapeake & Ohio): — On page 221, under Fire Prevention, 
I think there should be included some symbol to indicate the post indicator valve. This 
valve is used around buildings protected by automatic sprinklers and similar water line 
protection systems. It is a separate valve, from the fire hydrant. I think it should 
have some special designation. 

Mr. D. L. Avery: — We will be glad to consider that before next year’s report. 

Vice-President John E. Armstrong: — Is there any further discussion? 

Mr. A. R. Wilson (Pennsylvania) : — I think it unwise for this Committee to indicate 
the proportion of rivets or bolts, referring to pages 226, 227 and 228. Using these 
dimensions is all right. The proportion of these units should be covered in the Manual 
by other Committees. 

Mr. D. L. Avery: — In this connection, you will find that the trackwork plans indi- 
cate U. S. Standard thread for all bolts. On page 173 of the Manual, U. S. Standard 
threads and nuts are shown for track bolts. The Committee intends to show the present 
practice as called for under our plans and specifications. If changes are to be made in 
our present practice, such changes will be reflected by the report of this Committee. 

In connection with the rivets shown on page 226: I have taken this up with the 
Chairman of the Bridge Committee, and certain features shown will be eliminated be- 
fore these symbols are adopted for use. 

Vice-President John E. Armstrong: — Are there any further questions or criticisms, 
gentlemen? If not, the report will be received as requested by the Sub-Committee. 

Chairman C. C. Haire: — The next assignment given the Committee is on page 234, 
Joint Facility Records. The report as shown is a progress report, with no definite 
conclusions, as we have been unable to complete the subject this year. We ask to carry 
it over for another year and hope to complete the work in 1933. 

Vice-President John E. Armstrong: — Any question or discussion, gentlemen? If 
not, the report will be received as a progress report. 

Chairman C. C. Haire: — The next subject on the Committee’s docket is one that 
has been with us quite a while. We regret that we are unable to present a final report 
this year. We have come forward for the last three or four years, I believe, with a 
similar story. We found it impracticable to design a series of reports from the conflict- 
ing views of the five collaborating Committees. However, I think there is now a method 
that will permit of completing the subject this year. 

Vice-President John E. Armstrong: — Is there any discussion on Appendix C, gentle- 
men? If not, it will be received as information. 

Chairman C. C. Haire: — Under Group C, Maintenance of Way Reports and Rec- 
ords, the Committee’s first assignment covered Statistical Requirements of Operating, 
Accounting and Other Departments with Respect to Maintenance of Way and Struc- 
tures. The Sub-Committee’s report is shown as Appendix D, and Mr. Cummings, Chair- 
man of the Sub-Committee, will present the report. 

Mr. W. F. Cummings (Boston & Maine): — ^The report of this Committee is shown 
on page 235 in Bulletin 350. The function of this Sub-Committee is to study progres- 
sively and report as to forms and data called for on chart shown on page 278, Vol. 27 
of the Proceedings. 

The Committee this year has undertaken to present a form of daily report on work 
equipment in service. The form is shown on pages 236 and 237 and the Committee asks 
that the report be received as information and the subject continued. 

Vice-President John E. Armstrong: — Is there any question or discussion, gentlemen? 
If not, the report will be so received. 
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decided to make a separate report for the following reasons: A great number of the wat 
stations consist only of the pumping and water storage facilities. For such stations tl 
information dealing with treatment would be useless. There are also stations consistii 
only of water treating facilities, usually where the water supply is furnished by a cit 
In such cases the information on water production would not apply. Principally di 
to these reasons the Sub-Committee has made two separate forms. I might add that tl 
Sub-Committee was informed and believes that the treatment should be kept as separa 
from water production as possible. This is one method by which the treatment can 1 
kept separate from water production. 

Mr. E. M. Grime:— I see no reason why you cannot get along with one form, 
have been using one form on the Northern Pacific for about five years very satisfactori 
under all conditions, condensing and combining some of the headings that are given c 
this form. 

This form also contains one or two headings which seem to be impracticable, thj 
is, they require information which, if given by a pumper, would not be reliable. I ai 
certain the Form 1301 can be easily changed to include all es.sential data for which th 
new form is designed. 

Chairman C. C. Haire: — Mr. President, I should like to call attention to the fa* 
that the work of this Sub-Committee is joint with the Water Service. Committee. As 
matter of fact, they are working hand in glove with the Water Service Committe 
and everything that we present here bears the stamp of approval of that Committee, t 
I understand it. 

Mr. E. M. Grime: — I may be in the minority, gentlemen, but 1 .still feel that w 
are making a mistake in recommending two forms for this very simple matter. 

Vice-President John E. Armstrong:— The Committee Is holding the matter up fc 
another year for consideration before presenting the information for adoption and in 
elusion in the Manual, and I have no doubt they will reconsider the matter if there 
further discussion or pressure on that point. Is there any further question or dlscussioi 
gentlemen ? 

Mr. R. C. Bardwell (Chesapeake & Ohio):— The report of this Sul)“Committee wa 
referred to Committee XIII— Water Service and Sanitation, and approved by them s 
their last meeting. Unfortunately, Mr. Grime wa^s not pre.sent at this meeting and di 
not have the benefit of the discussion at that time. 

It was our understanding that this Sub-Commitlec had secured forms covering sue 
reports from practically every railroad where such forms arc in use. There were a grea 
variety of these forms. The report which is presented by this Sub-Committee consoli 
dates the various information obtained. 

It is our further understanding that recommended forms appearing in the Manuj 
are to be used as a guide for the individual requirements on a particular railroad instea 
of being followed verbatim. If any railroad desires to consolidate these two forms fo 
their own particular need there should be no objection. For these forms, as a whole, i 
was felt that the information shown is of value to those who desired the use of tw 
forms. 

This report was approved by Committee XIII as it stands. 

Vice-President John E. Armstrong: — If there is no other discussion the matter wi 
be held open for another year as requested by the Committee. 

Chairman C. C. Haire:— The next report that the Committee wishes to present i 
one covering the valuation subject. This report is shown under Appendix G, and in th 
absence of Mr, James, Chairman of the Sub-Committee, Mr. Stroebel will present th 
report. 
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Mr, H. J, Stroebel (Erie): — The purpose of the Committee this year has been to 
review the forms previously submitted by Committee XI and, after carefully considering 
the entire situation in a broad manner, determine which forms are obsolete and of little 
use; which forms should be held in abeyance; and which should be retained, with or 
without revision. The Committee has had in mind that a proposed new uniform system 
of accounts embodying depreciation accounting is under consideration; consequently, it 
has been thought best to held certain matters in abeyance for the present. 

Since the work of compiling Appendix G was completed, the Interstate Commerce 
Commission, in a series of orders dated November 25, 1932, modified, suspended and can- 
celled certain Valuation Orders, effective as of January 1, 1933. 

These arc: (1) Revision of Supplement No. 4 to Valuation Order No. 3, cancelling 
previous Order; (2)< Revision of Supplement 5 to Valuation Order No. 3, cancelling 
previous Order; (3) Revision of Supplement No. 6 to Valuation Order No. 3, cancelling 
the previous Order; (4) Revision of Map Order cancelling previous Map Order; (5) 
Order suspending Valuation Order No. 25, pertaining to the accounting reports; (6) 
Order cancelling Valuation Order No. 15, pertaining to privileges given and to leases made 
by steam railroads. 

By reason of the suspension of Valuation Order No. 25, a change should be made 
in Appendix G, page 246 of Bulletin 350, Section 24, in the third line from the last, 
wherein the words reading “Valuation Order No. 25” should be eliminated and in place 
thereof the words “Revised Supplement No. 5 to Valuation Order No. 3, Second Revi- 
sion Issue, Effective January 1, 1933” should be inserted. 

In the past, considerable attention has been given to forms relating to valuation 
matters. The Committee feels that study should be given to other phases of the subject, 
therefore, the work this coming year will be directed principally to a study of forms 
pertaining to other than valuation records. This report is submitted as information. 

Vice-President John E. Armstrong: — Is there any discussion or question, gentlemen? 

Past-President Edwin F. Wendt: — I desire to express my appreciation of all of the 
work of this Committee. 

You know that the National Transportation Committee has recommended the repeal 
of tho recapture provision of the Interstate Commerce Act, and there are excellent pros- 
pects of the adoption of the recommendation of that committee. 

Twenty years ago in 1913 the Valuation Act was passed by the Congress and at 
that time the Committee on Records and Accounts began its consideration of the subject 
of valuation. 

You will remember that Section 19-A of the Interstate Commerce Act requires the 
Commission to prepare the valuation of all of the property of each and every common 
carrier in the United States, and to present a report to the Congress each year. The 
Commission is now fully informed and no doubt will make a statement of the valuation 
of all the railroad properties of the United States as of one common date. 

There is another phase of the valuation problem which merits a moment’s notice. 
You know that the Rock Island Railroad is the first of the great railway systems in this 
country to file an application for the approval of the consolidation of all of its property 
into one corporation. When a railroad system desires public approval for the consoli- 
dation of its various component units into one organization, the law provides that before 
the Commission gives it approval it shall value the consolidated property. I understand 
that work has been in progress for a number of months in order to determine the value 
of the Rock Island System for consolidation purposes. 

This brings up the interesting question as to what constitutes the value of a rail- 
road under the consolidation section of the Interstate Commerce Act. Heretofore, you 
will remember, the Commission has determined tho valuations for ratemaking purposes 
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under Section IS- A, but the question now conies up, and it is a most interesting one 
I think, from the standpoint of the Engineer, as to what constitutes value in the case 
of consolidation. 

So in this year of 1933, twenty years after the passage of the Valuation Act, we find 
the results of the valuation work for the first time being put to practical use such as 
is required by the law. 

I mention these matters because you will remember that the United States Supreme 
Court decided that the valuation reports prepared by the Corami.ssion under Section 
19-A and presented to the Congress were not reports which could be set aside by the 
courts, because the Supreme Court held that no damage was done by such reports. 

Now, when the valuation is about to be used for some specific purpose such as 
consolidation, it seems to me we have entered a new phase of the entire subject, and 
I feel that possibly an epoch will be marked by finally determining what constitutes the 
value of a railroad for the purpose of consolidation. 

Vice-President John E. Armstrong:— Thank you, Mr. Wendt. If there is no further 
discussion on this Sub-Committee’s report, it will be accepted as a progress report. 

Chairman C. C. Haire:— The next assignment of the Committee is shown on page 
246, Methods Used in Recapture Proceedings, Appendix H. Mr. Silliman, the Chairman 
of the Sub-Committee, has compiled a statement showing what has been transpiring in 
the recapture work and pending Federal legislation and regulation. The report is sub- 
mitted as information. 


Vice-President John E. Armstrong;— Any discussion or question, gentlemen? If not, 
the report will be so received. 


Chairman C. C. Haire:— The next subject the Committee presents is information 
covering revision of the accounting classifications. These have been held up and nothing 
definite has developed, so the Committee merely reports progress this year. 
Vice-President John E. Armstrong: — ^The report will be so accepted. 

Chairman C. C. Haire:— The next subject is Developments Under I.C.C. Order No. 
ISIOO— Depreciation Charges of Steam Railway Companies. Mr. Kettcnring, in the ab- 
sence of Mr. Hande, Chairman of the Sub-Committee, will make the report. 

Mr. W. R. Kettenring (Chicago & Northwestern) The Depreciation Order is so 
closely allied with the accounting classification that we can make little progress on one 
without making progress on the other. The Committee has made four previous reports 
on this subject, and now submits its next report. 

As previously reported, the Commission released its Depreciation Order in July, 
1931. In March, 1932, it was postponed one year, and in February of 1933 it was again 
postponed, so the effective date is now January 1, 1935, 

The Committee wishes to state, however, that it has made substantial progress 
toward developing a complete report on recommended procedure and forms under the 
joint requirements of the Depreciation Order, and the classifications which were re- 
leased to a limited number of accounting officers in March, 1932. This work can be 
brought into accord with the final text of the classifications soon after their promulga- 
tion. Discussions will be continued in the Sub-Committee with regard to recommended 
procedure and forms to the end that the report may be as complete and representative 
as possible, and be ready for publication if and when the new classifications are formally 
made effective by the Commission. 


Vice-President John E. Armstrong;— -Is there any discussion, gentlemen? 

Mr. Robert H. Ford (Rock Island) :-The Committee is doing splendid work and 
their report is both profitable and instructive. 

It is interesting to know that they are dosely following the results of the depre- 
ciation proposals contemplated under I.C.C. Order ISIOO. Without attempting to dis- 
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cuss the purpose or objectives of this Order, it is becoming increasingly evident that 
unless substantially altered, its application will greatly increase the burdens and costs 
already imposed on the railroads by Federal mandate. It will add additional em- 
ployees, additional accounting, additional forms and records, and expensive and wholly 
unnecessary requirements in other directions. 

Simplified Federal processes, rather than further complicated ones, are badly needed 
if the best interests of the public and the rail carriers are to be served. 

The application of this Order as presently proposed further complicates an already 
heavily burdensome situation. It is a fruitful means of adding to the Federal bureaucracy 
which everyone should be anxious to avoid. 

Vice-President John E. Armstrong: — Is there any further discussion, gentlemen? If 
not, the report will be received as presented by Mr. Kettenring. 

Chairman C. C. Haire: — The Committee has an assignment. Methods for Avoid- 
ing Duplication of Effort and for Simplifying and Coordinating Work Under the Require- 
ments of the Interstate Commerce Commission. That is shown under Appendix J. This 
subject has been with us for sometime and we have another progress report to be pre- 
sented by Mr. Sharood. He is also Chairman of the next Sub-Committee to report, and 
he will present both subjects at the same time. 

Mr. F. C. Sharood (Northern Pacific) : — ^The Sub-Committee report under Appendix 
J, I think, speaks for itself. It is one of these continuing subjects, as the Chairman 
has said. 

The Sub -Committee has found, in its attempt to simplify the work of the railroads 
and of the Commission and the contacts between the two bodies, many hurdles and one 
that we have felt was almost insurmountable. Fortunately, we now see a way over 
that hurdle and we have taken steps to accomplish it. If the Association will bear with 
us for another year perhaps we can accomplish something worth while. 

It is with a great deal of regret that we have to continue this promise but we kre 
working, and, in line with what Mr. Ford has said, we are hoping that we will be able 
to give some relief to some of the burdensome requirements of these reports. 

With respect to Appendix K, it is impossible for the Sub-Committee to make any 
recommendations with regard to practice in establishing costs for ratemaking, taxes or 
similar proceedings, until the Commission has decided what it wants in the way of a 
classification. It will then be the object of the Sub-Committee to work out as simple a 
plan as is possible and which will obtain as near correct results as we feel are justifiable. 

The question of costs of service ha.s been the subject of a great deal of discussion, 
but those of us who arc connected with the accounting work and valuation and some 
of us who are Engineers and working with the various carriers have found that every- 
where wc go on rate cases some economist or other expert springs a cost study on us. 
It is therefore believed by the Sub-Committee that instead of always being on the 
defensive in those instances we perhaps should be on the offensive occasionally. There- 
fore, I ask that the convention again bear with the Sub-Committee and let us carry on 
the study for another year. Thank you. 

Vice-President John E. Arm.strong:— Is there any question or discussion, gentlemen? 
If not, the report will be accepted as presented. 

Chairman C. C. Haire: — That concludes the Committee’s report, Mr. Chairman. 

Vice-President John E. Armstrong:— Gentlemen, this Committee is carrying a very 
heavy assignment. The fact that they are reporting progress from time to time is not 
an indication that the Committee is not doing a job. I believe they are doing a job. 
It is part of their function to keep the Association advised of developments having to do 
with their assignment. The Committee is excused with the sincere thanks of the con- 
vention (Applause). 



DISCUSSION ON WATERPROOFING OF RAILWAY STRUCTURES 

(For Report, see pp. 273-283) 

(Vice-President John E. Armstrong in the Chair.) 

Mr. J. A. Lahmer (Missouri Pacific):— The report of this Committee is found in 
Bulletin 350, beginning on page 273. Of the four assignments, we are reporting on only 
onC) the last, Specifications for Membrane Waterproofing of Concrete Work, Except Roofs 
of Buildings. These specifications were prepared by the Committee as a whole and I 
will therefore make the report. They arc based on the specifications for waterproofing 
bridge decks which were adopted, I believe, six years ago. They have been broadened 
in order to include all concrete structures except roofs of buildings, and have been revised 
in accordance with developments that have taken place. They have been in course of 
preparation for several years and since this report was printed they have been placed 
in the hands of producers of waterproofing materials and also of representative contrac- 
tors for the application of waterproofing. They have been so favorably received that, 
if there be no objection, the Committee would like to change its recommendation to read 
that the specifications be adopted and printed in the Manual. 

There is one reservation or modification of that and that is with reference to the 
part of the specifications that relates to asphalt plank for jirotcctive covering. This is 
a comparatively recent development and the situation is changing very rapidly right now. 
If these are adopted, we expect to present revisions with reference to the asphalt plank 
next year. 

The part relating to asphalt plank as now in the proposed specifications is taken 
from actual practice which has given satisfactory results. I presume you do not care to 
have the entire specifications read. If you wish, I could briefly point out the major 
differences between these and the ones that are in the Manual. 

Vice-President John E. Armstrong: — Gentlemen, this report has been before you 
with the recommendation that it be received as information. Is there any objection to 
regarding these specifications as being presented for adoption and publication in the 
Manual ? 

Mr. J. C. Irwin (Boston & Albany) : — ^I desire to protest as a matter of policy. It 
seems that this is the first time this has come before the members of the Association. 
The recommendation at first was to accept it as information. One who might be ready 
to accept it that way might not be ready to approve it for inclusion in the Manual. Some 
of these things, I think, require a little .seasoning, a little study, a little more opportunity 
to discuss them. It is often better to bring them up the second year after asking for 
comment and then recommend them for the Manual. Therefore, I should dislike very 
much to see this material rushed into the Manual on this first report. 

Vice-President John E. Armstrong: — ^Is there any further discussion on this point? 

I think the Committee has done an excellent job in turning out a set of specifications 
which as stated by the Chairman seems to be so acceptable to those who have had 
occasion to study them. As the Chairman suggests, there are probably certain revisions 
that would have to be presented next year anyway, in connection with a portion of 
the specifications. As the specifications have not been before you as prospective Manual 
material at this time, I think Mr. Irwin is correct in his stand on the principle. Is there 
any other view? 

Chairman J. A. Lahmer: — ^We accept that view. We have recognized it from the 
start. Our only thought was that so long as they seemed to have drawn no adverse 
criticism the Association might desire to have them made available for earlier use. We 
should be very glad to carry them over. 
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Vice-President John E. Armstrong: — The specifications will be available in the Pro- 
ceedings during the coming year and I doubt if any serious difficulty will arise by their 
not being approved for inclusion in the Manual at the present time. As the Chairman 
concurs, the specifications will therefore be accepted as information for discussion during 
the coming year and will be presented later for adoption. 

Chairman J. A. Lahmer: — The Committee has nothing further to report. 

Mr. A. R. Wilson (Pennsylvania) : — I would like to ask a question. On page 
276, under Item 14, Treated Fabric, paragraph (e), referring to tensile strength, it speaks 
of the grab method. I am wondering if everybody understands what the grab method 
is, and whether there should be some reference in the specifications to show what it is. 

I assume it is the A.S.T.M. method. 

Chairman J. A. Lahmer: — We looked it up but that was sometime ago. I am un- 
able to give all the details, but my recollection is that it is a method prescribed by the 
A.S.T.M. or course, we have covered that in another way, because in another para- 
graph wc state that tests of all materials shall be made in accordance with the current 
methods recommended by the American Society for Testing Materials. 

Mr. A. R. Wilson:— I overlooked that note. I wish to commend the Committee on 
the development of these specifications. On our railroad for several years we have been 
endeavoring to develop a plank that will meet our requirements. Our test department 
initiated a method of testing, which is entirely different from that outlined by this Com- 
mittee. After receiving these specifications, I had a piece of plank made and tested ac- 
cording to our methods, and they report that these specifications will produce a satis- 
factory plank. I am very glad to find a specification for plank which can be generally 
used. As it is now, plank is purchased on price, without specifications. 

Chairman J. A. Lahmer: — We appreciate your remarks. There are at least three 
or four other methods for testing plank that have come to our notice. Some of them 
seem to be more novel than anything else, but this one was taken from actual practice. 

Mr. Meyer Hirschthal (Delaware, Lackawanna & Western)': — Just one more point. 
I have had quite a bit of corrc.spondcnce with Mr. Lahmer on some of these specifica- 
tions. I note that the specification for asphalt for saturant on page 274 does include 
a specification for ductility at 40 degrees Fahr. On page 275, the specification for coal- 
tar pitch gives ductility only at 77 degrees Fahr. I would suggest, Mr. Lahmer, the 
advisa))ility of including also in this specification covering ductility at 40 degrees Fahr., 
which, to my mind, is more important than the one at 77 degrees. 

Chairman J. A. Lahmer:— Just as a matter of information and as a partial reply” 
to Mr. Hirschthal, I would say that wc consulted with what we considered were people 
who were well informed about both the coal-tar pitch and the asphalt, as well as all the 
other materials, and the weight of opinion as we developed it is that it is not necessary. 
However, we shall be glad to give the matter further consideration and try to answer 
the query more decisively. 

Mr. B. R. Lcffler (New York Central) I should like to ask if the Committee has 
examined any service tests. By that I mean, how does that asphalt plank behave in 
actual service? It has been in use, now, for almost ten years. We ought to be able 
to know about some of the service test results. 

Chairman J. A. Lahmer: — I am not sure but I think Mr. Leffieris estimate of the 
length of time it has been in service is rather too long. However, the difficulty, so far as 
that point is concerned, is that the making of the asphalt plank has developed so rapidly 
and so radically that of the kind now considered the best you would not find very long 
service tests. However, we are informed by people who have used this particular kind 
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of plank that it is behaving satisfactorily, but of course they say that the length of 
time covered by the service test is not yet sufficient to justify a final opinion. 

For instance, elaborating the first part of my answer, originally asphalt plank was 
manufactured largely from refuse and waste materials, the odds and ends left over at 
roofing factories. It seemed to be pretty well received. By and by somebody, one of 
the Bridge Engineers, attempted to lay down certain characteristics that it should comply 
with. Then it went a little further. Now that it is getting clown to a complete specifi- 
cation of what we want, and how much of each ingredient we want between certain 
limits, we have an entirely different plank from the one we had when asphalt plank 
was first used, and entirely different from the kind that is longest in service. 

Mr. Meyer Hirschthal: — I can cite an imstanoe of experience on length of service of 
the asphalt plank. In 1923 the Lackawanna developed a precast mastic waterproofing 
protection in the form of a block according to our specifications and used it on the East 
Orange improvement. Early in 1926 a representative of one of the asphalt plank manu- 
facturers called to see me in connection with using his plank as a competitive product 
with the product that we had been using. At that time the product was made of new 
material, and the cost was prohibitive. I told that representative that under the condi- 
tions he could not compete with that, if the material was what he represented and the 
cost as he stated. The first use of the plank after that was the following year. That 
makes the service much less than ten years. 

Vice-President John E. Armstrong:— Is there any further discussion? Gentlemen, 
this is the second report of this Committee and it is obvious that they arc doing a job,* 
a real job. We can excuse the Committee with the thanks of the Association (Applause). 


DISCUSSION ON STANDARDIZATION 

(For Report, sec pp. 309 32!) 

(Vice-President John E. Armstrong in the Chair.) 

Mr. J. C. Irwin (Boston & Albany) The report of Committee XXVI— Standardi- 
zation, is found in Bulletin 351 on page 309. The first assignment of this Committee is 
probably as important as any assignment to any committee, if the members of the Asso- 
ciation take it to heart. It is to encourage the use of A.R.K.A. Recommended Practices. 
Your President this morning emphasized the value of the work done by our Committee 
and I wish to emphasize still further that if we are to get the benefit of the time and 
the skill of many men most experienced in various subject.s who work through a period 
of years to develop material which is in the Manual, each member must do what he 
can to use the results so that all the railways of the country will have the benefit of it. 

The Recommended Practices should establish themselves through their intrinsic 
merit, but if members of the Association neglect to use them, it sometimes may be due to 
their lack of realization of the value of uniformity in general practice. As has been 
pointed out in previous reports of this Committee, uniformity is of the greatest import- 
ance in matters which involve relations between railways and other interests and between 
two or more railways, they, in turn, having similar relations with other railways. That 
should be perfectly apparent. 

This Committee has not issued questionnaires to determine the extent of the use of 
the Manual because we believe that it would not tend to extend the use of the Manual, 
and at the same time, if it were followed for all the material in the Manual, the returns 
would be so voluminous that it really could not be printed, and we question the value 
of it. 
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The work of the A.R.k.A, is rccop;nizcd throughout this country and other countries, 
and an indication of the recognition of the A.R.E.A. is given by the National Directory 
of Specifications for 1932, issued by the Bureau of Standards, United States Department 
of Commerce, which contains one hundred and forty-eight references to A.R.E.A. Recom- 
mended Practices. 

I wish to bring to the attention of the members the importance of their use of 
material in the Manual so far as they can use it, and still further, the importance of 
bringing to the attention of Chairmen of Committees any reasons they cannot use it. 
Wc shall never make progress in the use of the Manual if various members simply refrain 
from using it on account of some personal preference for something different, but this 
Committee wishes to ask the members who are not using material in the Manual so far 
as it might be used, to bring to the attention of Chairmen of Committees any reason for 
not using it. Let the Chairmen consider these reasons in their committee- work, and then 
let the Committee Chairmen bring them to the attention of the Committee on Standardi- 
zation for further investigation. 

The subjects deserving special attention are those in which uniform practice will 
effect material economy and those in which uniform practice will avoid disturbances in 
the relations between the railways and shippers, manufacturers of supplies, contractors 
and the public. 

Members of the Association can also aid in the extension of uniform practice by see- 
ing that the various departments of their railways other than Construction and Mainte- 
nance are impressed with the value of the Manual and, if possible, see that they are 
supplied with it or at least refer to it in connection with all matters on which this Asso- 
ciation has taken action and has approved for the Manual. Again, if in the opinion of 
any member of the Association a situation develops which indicates that in order to 
secure more general use of Recommended Practice it should be revised, the member 
should cull the situation to the attention of the Chairman of the Committee concerned 
.so that the point involved may bo considered in connection with revision of the Manual. 

On page 310 you will find reference to the American Standards Association, as an- 
other thing to take note of and not a thing to be abstracted here. For those not 
thoroughly familiar with the work of the American Standards Association and the rela- 
tions of the American Railway Association to it, it is well to read that statement. 

The second part of the assignment of Subject 1 of this Committee is to consider 
subjects for recommendation to the Board of Direction for sponsoring as projects for 
national standardization. That I shall take up in a few minutes. The second subject 
is to maintain contact with standardization bodies and keep the Association informed on 
important matters developed by such contact. In order to have closer cooperation with 
other standardization bodies, you recall that last year we arranged a meeting by this 
Committee, which is composed of the Chairmen of all Committees, with representatives 
of the Bureau of Standards at Washington, at the headquarters of the Bureau of Stand- 
ards. This year this Committee had a meeting with representatives of the American 
Standards Association in New York, at which various members of the staff of the A.S.A. 
addressed the members of this Committee on the activities of the American Standards 
Association. 

On page 313 you will find a revision of the representation of the A.R.A. in the A.S.A., 
that is, the revision in the assignment of representatives to committees of the American 
Standards Association on subjects which eventually will come up for national standardi- 
zation through the American Standards Association. 

On page 314 there is reference to the inch-millimeter conversion for industrial use. 
That is a matter which doe.s not concern us very deeply because, while it affects the 
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Committee on Lumber Standards with headquarters in Washington, on which we are 
represented by Mr. W. E, Hawley. This is a case of encouraging the work of the vari- 
ous members who are interested in bringing about an American Standard. 

One of the most important standardization projects that we have been working on 
is being handled by the Joint Committee on Grade Crossing Protection, of which Mr. 
Frank Ringer is the Chairman. 

In order that the Association would have the benefit of the report on progress that 
is being made in this connection, Mr. Ringer furnished us with a statement which is 
authorized and which is printed on page 318. 

Under Simplified Practice, we are cutting down the number of sizes, types and 
kinds, and are getting down to a smaller number for standardization. This year Simpli- 
fied Practice Recommendation No. 17-31, Forged Tools, issued January 4, 1932, includes 
A.R.E.A. Track Tools as adopted for the Manual in 1930. In this Simplified Practice 
Recommendation, the variety of forged tool items has been reduced from 663 to 431 
and the eye sizes from 120 to 11. 

On page 319 is found reference to the work of the Canadian Engineering Standards 
Association. In Canada the standardization work is done through that association, as 
well as the Simplified Practice Work, and this Committee, in order to extend its contacts 
with other standardizing bodies and be able to report to this Association, has planned 
a meeting with the Canadian Engineering Standards Association, the C.E.S.A. Their 
Secretary has provided us with some information as to the progress in the C.E.SA 
during the past year, and one of the most important activities is in connection with the 
Imperial Conference held at Ottawa last summer, referred to on page 320, in which the 
subject of Empire Standards was very extensively discussed, of course mainly in con- 
nection with encouraging their Empire trade. It is a thing we in this country should 
keep in touch with for in a number of these things we are tending toward international 
standardization and contact with the Canadian organization will help in this respect. 

On page 321 you will find a statement of the standards approved by the American 
Standards Association during the year September 1, 1931 to September 1, 1932. 

Mr. Chairman, that complete.s the report of the Committee. 

Vice-President John K, Armstrong:— Gentlemen, is there any discussion? Are there 
any questions you want to ask? Your Committee on Standardization is doing a very 
real work, a very important work. In conversation with Chairman Irwin recently (I 
cannot quote the conversation verbatim) he expressed himself something like this: Stand- 
ardization is a thing that is with us. It is happening. It is going to continue to happen. 
We have the option of going along with it and being part of it, sharing in it, or standing 
aside and watching the procession go by. We cannot afford to stand aside and let the 
procession go by, gentlemen, and this Committee is keeping us right up with the band 
wagon. 

The Committee has done an excellent job and is excused with the thanks of the 
Association (Applause) . 
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DISCUSSION ON MAINTENANCE OF WAY WORK EQUIPMENT 

(For Report, see pp. 3SS--J20) 

Mr. C. R. Knowles (Illinois Central): 'rin* report of Committee XXVII— Mainte- 
nance? of Way Work Equipment, appears on im/ 2 :e of Bulletin 3K1. 

The Committee, has continued its study of Section Duly Motor Car Parts and Acces- 
sories, and offers for inclusion in the Manual a series of specifications coverinp; fuel line 
connections, size of cord belts, gasoline tanks, brake shoes and ignition systems. 

A report is presented on Types of Snow'-Melting Devices as an Aid in Facilitatinp; 
Train Operation and Reducing Maintenance Cost. 

A report is offered on Use and Adaptability of Track Type Tractors in Maintenance 
of Way Work. 

A report on Organization for Use and Maintenance of Tie 'Famping Machines, Air 
and Electric, is also presented. 

In addition to this, there is a report on Tie Adzing, Scoring and Boring Machines, 
and one on the Use of Ditching-Spreaders in maintenance of way work. 

The first report submitted by the Committee is on page .h'id. I will ask Mr. West- 
cott, Chairman of the Sub-Committee, to present the report. 

Mr. G. R. Westcott (Missouri Pacific) : — In previous years the Sub-Committee has 
called to the attention of the convention a number of items that we believed might be 
made standard in the matter of section duty motor car parts and accessories. A number 
of these have been adopted by the convention in pn.st years, and, as Mr. Knowles has 
called to your attention, we arc presenting today five other such items. I want to com- 
ment just briefly on each one of these items. 

The first one covers details of gasoline line connections. If you recall, that subject 
was up last year and at that time there was .some criticism on the floor of the convention 
as to the language that we had used in describing the thread of the connections. In 
order to clarify this matter (and I may say that the criticism wa.s prehaps just), we have 
revised the drawing, showing reference to the American Standards Association thread 
rather than to the thread of the Society of Automotive Engineers, as given last year. 

In connection with belts for section duty motor cars, apparently it is not possible 
to adopt a definite standard. The Committee has, however, expressed what in their 
judgment is desirable, both as to width and to length. 

In the matter of gasoline tanks, the Committee has been governed largely by the 
experience of the automotive industry, recommending a tank of lerneplate and specify- 
ing, to the degree that we felt reasonable, the details of construction. It is not possible 
to adopt size nor shape, apparently, except in a very general way. 

In the matter of brake blocks, for a good many years a simple block of oak or other 
hard wood was used on motor cars as a brake block, and it was assumed that it was the 
best block available. Within the last year or so there have been some tests made by 
several railroads showing conclusively that the ordinary wood block, while it functions 
fairly well in dry weather, is outclassed entirely by a soft iron block when the rail or the 
wheel is wet. The Committee therefore recommends the use of a soft iron facing on the 
wood block as a means of quicker stopping and greater .safety. 

On the fifth item, we have indicated a one-half inch pipe thread for spark plugs. 
Our thought in this was that a spark plug of that thread is admirably suited for the 
use of the motor car and is not commonly used in automobile service. That was not 
true in the days of the old Model T Ford but it is true now. Wc felt that the half-inch 
pipe thread plug would furnish everything that we needed and would prevent, perhaps, 
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pilferage that might result if we were to adopt some type of plug more commonly used 
in the automotive industry. 

Those are the recommendations and we have given you the reasons for bringing 
them to you. They are submitted to you for your consideration and are recommended 
for inclusion in the Manual, I so move. 

Mr. W. A. Radspinner (Chesapeake & Ohio): — I have had some correspondence 
with some of the members of the Committee in regard to the recommended nut they 
use to fasten the fuel line to the gasoline tank. The shocks to the gasoline pipe on the 
automobile can hardly be compared with that on the rail motor car. 

Mr. Constance, a member of your Committee, made samples of three types of units 
including the proposed standard and assembled them on a pipe line with packing in place. 
These samples were placed before the Engineer of Maintenance of Way. I told him to 
pull the pipe out of the standard unit and then put it back. He could not put it back 
without destroying the packing in the unit. The Committee claims it can be repacked in 
that case by felt or something similar and this is what I will not agree to because such 
packing will leak. I have found this out from actual experience through our inspection 
service. 

We took another sample, a sketch of which I sent the Committee, to which a collar 
has been fitted and sweated to the pipe and packed it with felt and it has not leaked 
and the pipe has not cracked or broken at the unit. 

When the fuel line is covered with flammable fuel and the unit is leaking a fire will 
follow the line to the unit where the the nipple to which the unit is attached is soldered 
to the tank. The solder soon melts and outpours a flaming fuel which soon consumes 
the whole car. 

Another thing that I do not see specified here is the kind of valve that should be 
used at the tank. Some of the manufacturers use a two-way valve or plug. When it 
is turned one way it lets the fuel out for use either as priming or for such other pur- 
poses as may be necessary. Turned the other way, it allows the fuel to go into the 
pipe line. 

The springs holding the plug in place are often weak allowing fuel to drip and if the 
plug is removed and replaced with dirt or lint on it there is sure to be a leak becailse 
it depends on the taper to make a joint. This valve should be of a positive type with 
an approved valve seat. 

Mr. G. R. Westcott:— -I should like to say, in reply to Mr. Radspinner’s comment, 
that this matter was quite thoroughly gone into with the men who are actually main- 
taining the motor cars on the various railroads represented on our Committee. It was 
practically the unanimous recommendation of those men that a type of coupling, which 
in case of emergency can be repacked with waste or your pocket handkerchief, if neces- 
sary, was the most desirable type from the standpoint of field maintenance. The cork 
packed coupling is of this type. A copper pipe with a shoulder brazed on it, as suggested 
by Mr. Radspinner, would probably be more nearly 100 per cent leakproof under certain 
circumstances, but the man who maintains the car in the field is rather up against it 
with that sort of device if something actually gives way. 

With reference to the matter of cutoff valve, I would say that this does not come 
within the scope of the present report. We are not through talking about parts and 
accessories for motor cars, however, and I can pledge Mr. Radspinner that in our work 
for next year we will give attention to this. 

Mr. W. A, Radspinner: — It is the failure to hold the pipe in place with the cork 
packing. When you realize that when trouble occurs the first thing they do is pull 
down that fuel pipe and if the nut comes off the pipe you will see that they cannot 
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get it back again with that particular packing. On the matter of the t)ipe with the 
collar that I suggested, the collar is fastened to the pipe so the nut cannot come off. 
We have had one in service for six months and more (in the Chesapeake ik Ohio and we 
have not had any cracking off of pipes or any leakage at the nut. 

The President: — Arc you ready to vote? 

(The motion was put to vote and carried). 

Chairman C. R. Knowles: — ^I'he motion was to include Items 1 to f>, with the dia- 
gram, in the Manual. 

The next report appears on page 35<S and covers Types of Snow-Melting Devices 
as an Aid in Facilitating Train Operation and Reducing Maintenance Cost.” Mr. 
Hewes, Chairman of the Sub-Committee, will present the report. 

Mr. F. S. Hewes (Santa Fc)-:— This report is found on pages 338 to 383 inclusive, 
of Bulletin 351. It covers all information available up to the date of printing of this 
Bulletin. The first two pages arc general, followed by seviu’al fiages of actual benefits 
secured by using snow-melting devices. 

Pages 362 to 379 show information on every type of device, that the Committee 
could secure such information on. Table 1 covers results of the canvas.s and includes 
86 railroads. The symbol X denotes the use of a type by the designated roads. The 
Bibliography on pages 381 to 383 includes 33 articles reviewed. A brief has been made 
of each one, amounting in all to 44 letter-size typewritten sheets, and negatives have 
been supplied to Secretary Fritch so that those interested may arrange f<ir copies. 

The Committee recommends that this report be received as information and the 
subject continued. 

The President: — Is there any question? Any discussion? If there i.s no objection, 
it will be so received. 

Chairman C. R. Knowles:— With your permission, I will pass over the Sub-Com- 
mittee report No. 5 leaving it for the la.st, inasmuch as we have a motion picture 
accompanying the report, and at this time I will take up the report of the Sub-Com- 
mittee on Organization for Use and Maintenance of Tic Tamping Machines— Air and’ 
Electric, which appears on page 409. Mr. Holt, Chairman of the Sub-Committee, will 
present the report. 

Mr. L. B. Holt (New York Central) This report amplifies the report of this same 
Sub-Committee which appeared in the Bulletin of January, 1931, Vol. 32, No. 333, More 
specific comment is made regarding electric tamping outfits, and the diagrams showing 
the suggested pipe arrangements for pneumatic outfits have been modified by changing 
the reference to hose couplings and fittings which in the older diagrams might have 
been construed to mean tliat the fittings produced by one manufacturer only could be 
employed. This report is submitted as information. 

The President: — Is there any question? If not, the report will be received as in- 
formation. 

Chairman C, R. Knowles:— The report of the Sub-Committee on Tie Adzing, Scor- 
ing and Boring Machines appears on page 413. As the Chairman of that Sub-Committee 
is not present, I will merely state that the report includes a discussion of tie adzing, 
scoring and boring machines, and confines the discussion to the portable or self-propelling 
type of machine as used in the field. The report refers chiefly to adzing and scoring 
machines; the subject of boring machines is to be taken up later on. 

This report is submitted as information with the recommendation that the subject 
be continued. 

The President:— If there is no objection, it will be so received. 
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Chairman C. R. Knowles: — The report of Sub-Committee on the Use of Ditching- 
Spreaders appears on page 416. This report includes a brief introduction and history of 
the use and development of spreaders, and also a survey covering the use and application 
of this machine on railroads. 

The report is presented as information, 

Thq president: — Any discussion? If there is no question, it will be so received. 

Chairman C. R. Knowles:-~We will now return to page 384, the report of th*e Sub- 
Committee on Use and Adaptability of Track Type Tractors in Maintenance of Way 
Work. This report includes a general discription of the track type tractor as distinguished 
from the wheel type. It also covers a discussion of the auxiliary equipment adapted to 
the track type, the classes of work performed, examples of specific use, including cost 
studies of various classes of maintenance of way work performed by tractors and aux- 
iliary equipment. 

In connection with this report, wc have a .sound motion picture which we would 
like to present at this time. 

(Showing of sound motion picture illustrating use of track type tractor and aux- 
iliary equipment.) 

Chairman C. R. Knowles: — Before concluding the report of the Committee I want 
to take this opportunity of expressing the thanks of the Committee for the cooperation 
of Mr. 0. E. Andren, of the Caterpillar Tractor Company, and of the various railroads 
in the preparation of this fdm. That concludes the report. 

The President: — Are there any quc.stions you would like to ask this Committee? 
This Committee is really one of the youngest committees of the Association. They have 
grown out of the freshman class very quickly. In fact, they have been promoted to the 
status of a standing committee as quickly as any committee we have. They are doing 
very good work and I want to compliment the Chairman for the fine work he did in 
presenting his report. It expedited matters very much. The Committee is excused with 
the thanks of the Association (Applause). 



DISCUSSION ON STRESSES IN RAILROAD TRACK 

(For Report, see page 703) 

Dr. A. N. Talbot (University of Illinois) : — ^The Committee on Stresses in Railroad 
Track presents only a brief report. It is printed in Bulletin 354, February 1933. More 
time has been required to put the experimental data into form for publication and to 
formulate the interpretations and findings than had been expected. Some time ago 275 
mimeographed pages of manuscript and 70 blueprints went out to the Committee for 
its study and consideration. More is in preparation. Yesterday at its meeting the 
Committee struggled with the mass of material and made progress with its consideration, 
but further time is needed to complete the writing and to finish off the repoi-t in 
final form. 

Under the circumstances President Neubert has asked me to talk about a few of 
the matters dealt with in the report. Several topics will be treated, necessarily rather 
briefly and sketchily, and also very disconnectedly. 

Tests on a Continuous Rail-Joint.~-Laboratory tests on Continuous rail- 
joints loaded as beams give information on the .stresses and movements in such bars. 
Fig. 1 shows a section of the headfree Continuous bar for 130-lb. P.S. rail and the 
measured stresses over its midsection at bolt tensions of 15,000 lb. and 2,000 lb. Atten- 
tion is called to the variation in stress over the reflexed flange at the bottom. At the 
extreme outer edge of the flange (gage line 14) the measured stress is about 23,000 lb. 
per sq. in. and at the inner edge under the middle of the rail (gage line 17) it is 10,000 
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Fig. 1. — Section of Bar and Observed Stresse.s at Mid- 
Section — ^Head-Free Continuous Rail- Joint. 


lb. per sq. in., although the gage lines are at the same distance below the nominal 
neutral axis. It was found that the deflection along a line at the inner edge for the 
length of the bar differs considerably from that at the outer edge. This and the varia- 
tion of stresses along the bottom and other matters brought out in the test show that the 
section does not act integrally as is generally expected of beams, and that the reflexed 
flange is not fully efficient in resisting flexure. Regardless of this, the reflexed flange 
offers an opportunity to increase the section of the bar, and the section as a whole per- 
haps has little or no more loss in moment-resisting efficiency than has the angle bar 
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form, but it should be said that the deflection of the joint was relatively greater than 
that found for the angle bar — the section shown is the headfree bar. The stress dis- 
tribution found in the re flexed flange for the head-bearing bar is quite similar to that 
shown here. 

The vertical and lateral movement of the bar with reference to the rail is of 
interest. In fig. 2 the left half of the diagram (both top and bottom)* gives movements 
of the head-bearing Continuous bars and the right half movements of the headfree 
Continuous bars with respect to the rail upon application of load. The upper part gives 
the vertical movement between bar and rail head. It will be seen that with 15,000 lb. 
bolt tension the vertical movement of the head-bearing bar at its middle and ends is 
slight and that the movement of the headfree bar is much greater. With 2,000 lb. bolt 
tension the vertical movement of the head-bearing bar is somewhat larger at mid- 
length of the bar than was found with the high tension and considerably greater at the 
ends, amounting to .010 and .018 in., the bar moving down from the rail head — values 
which may seem small but arc really significant. With 2,000 lb. bolt tension the head- 



Fto. 2. —Vortical and Lateral Movement Between Bar and Rail— -Head-Bearing and 
Head-Free Continuous Rail-Joints. 


free bar (right) has a similar downward movement (away from the head) at the ends, 
and at mid-length a movement of the bar toward the head at the end of the rails 
amounting to .012 in. in one bar. In the lower part of the figure, with 15,000 lb. bolt 
tension the lateral movement of the top of the bar (dashed line) away from the rail is 
slight in the head-bearing bar but it is noticeable in the headfree bar. The bottom of 
the bar (full line) moves slightly outwardly from the rail at mid-length and the inward 
movement of the bottom of the bar at its ends is very marked. With 2,000 lb. bolt 
tension, at mid-length of the head-bearing bar the top remains stationary and the bottom 
moves inward; at the ends the bottom of the bar moves inward considerably and the 
top of the bar moves outward from the rail markedly, reaching .010 in. The headfree 
bar (2,000 lb. bolt tension) at middle has a marked outward movement at both top 
and bottom, and at the ends the movement is also outward at both top and bottom. 
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It is evident from both the vertical and the lateral movements of the headfree 
bars that upon applying load there is a change in the position of the top contact bear- 
ing at mid-length with respect to the fillet of the railhead, a condition that is much 
more marked in the case of low bolt tension. These movements are corroborated by 
the changes in bolt tension observed with the headfree joint; with the low bolt tension 
the tension in the inner bolts of the headfree bar increases by 2,000 lb. or more upon 
application of load, and the tension in the outer bolts increases 8,000 lb.; with 15,000 
lb. bolt tension no change in tension is produced in the inner bolts with application of 
load but the tension in the end bolts increases 4,000 lb., all of which is different from 
the action with the head-bearing bars. It is evident from the tests that for the head- 
free bars it is especially important that all bolts be kept tight. 

Lateral Springing of Joint Bars When Nuts Are Wrenched Up. — It of 
course is apparent that the mere stretch of a bolt does not furnish any considerable 
protection against the lateral movement and wear of bars in maintaining tightness — a 
bolt tension of 20,000 lb. corresponds to a stretch in the bolt of about .005 in. Some- 
thing more is needed to act against lateral movements with the natural bending and 
twisting of the bars under load. It may be ext)ectcd that the flexure of the bars longi- 
tudinally and perhaps vertically in the tightening of the bolts providc.s through the 
springing action a recourse against loss of tension considerably greater than will be 
obtained by the stretch of the bolts. In the tests reported in the following three fig- 
ures the joints were tested without spring washers. The joints include angle bars for 
127-lb. N.Y.C. rail, angle bars for 130-lb. P.S. rail, Continuous bars for 130-lb. P.S. rail 
and the so-called Santa Fe symmetrical bars for lv50-lb. R.Pb rail. 



Fig. 3.— -Rotation of Nut and Corresponding Bolt Tension for 
Four Forms of Joint Bars. 

In. Fig. 3 the amount of rotation of nut is plotted horizontally and represents 
amount of movement of nut along the bolt — one-half turn (a rotation of 180®) equals 
.06 in. of such movement. Preliminary to the observations of a test the bolts were 
tightened to 20,000 lb. and the load on the joint was applied five times—- then the bolt 
tension was released and the nuts were turned up snugly without the bars leaving 
their close contact to the rail. The nuts were then wrenched up by increments of one- 
quarter turn (90®), and the magnitude of the corresponding bolt tensions are recorded 
by the vertical scale of the figure for four kinds of bars, two of them short and two 
long. It will be noted that to reach a tension of 3,000 or 5,000 lb, the nuts were given 
one-quarter to 1 turn (nut movement along the bolt of .03 to .12 in.), while to go from 
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5,000 to 20,000 lb. bolt tension (the range of desirable bolt tension)- required a further 
rotation of only one-quarter to turn (.03 to .06 in. of nut movement), an effective 
provision for each bar amounting to, say, 5 to 10 times that obtained from the stretch 
of bolt in maintaining bolt tension, or more. 

A more detailed test was made with the Pennsylvania in. angle bars. In this 
test made after i)rclimiiKiry loadings like those just described, the bolt tensions were 
measured after each increment of wrenching and before a load was applied and also 
after the release of the fifth application of load. After a tension of 20,000 lb. had 
been reached, the nuts were unwrcnched by increments and as before the same load was 
applied five times at each unwrcnching. Fig. 4 shows the magnitude of the bolt tension. 



Fig. 4.— Rotation of Nut and Corresponding Bolt Tension Before and After Five 
Applications of Load. 

For each position of the nut the open points represent the tension before the first load 
was applied and the solid points the values after the fifth load was applied. It will 
be noted that after an increment of wrenching the tension drops off with the repeti- 
tions of load and during an unwrenching the tension increases with the five applica- 
tions of load— the reason is apparent. The amount of change that occurs at a single 
application decrea.ses with each application, and five repetitions nearly exhaust the effect. 

In Fig. 5 the results of the preceding test have been summarized, only the values 
of the tension left in the bolt after application of load for a given wrenching are 
shown. The curve for unwrenching is the significant part of the diagram. It will be 
noted that the upper part of the curve is very steep and gives less travel for a given 
change in bolt tension than that below. It is apparent too that at tensions above 

20,000 lb. the useful travel will become so small as to give little assistance in main- 
taining bolt tension. For the bars used the movement of nut between tensions of 

20,000 and 5,000 lb. in unwrenching amounted to 6 to 12 times the stretch of the bolt. 


90 m 270 
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Althoujili the top and bottom of the bar did not move inwardly as much as the move- 
ment of the nut, most of the spring would be available in maintaining the position of 
the bar with respect to the rail. Altogether the.se tests suggest that the springing action 
of the bars itself helps in maintaining bolt tension. 



Rotation of Nut in Degrees 

Fig. 5. — Summarized Values for Rotation of Nut and Correspond- 
ing Bolt Tension After Five Applications of Load. 



It may be remarked that the laboratory and field tests made confirm the finding 
in the Fifth Progress Report that for the symmetrical type of bar a minimum tension 
of 5,000 lb. may be expected to give satisfactory conditions for both vertical and 
lateral bending on straight track and light curves, with a corresponding minimum ten- 
sion of 10,000 lb. for angle bars. The upper limit of useful tension for both forms 
may be considered to be 20,000 lb. These values apply to track conditions after the 
bars have been worked into place and have approached a fairly stable position, It 
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follows from the tests that the wrenching of bolts to 40,000 or 50,000 lb., as is some- 
times practiced, gives little useful result in maintaining bolt tension, and it may be 
productive of ill effects in other ways. 

Tests at Speed. — ^Wc have all been wondering about the effect of speed upon 
stresses in joints. Fig. 6 shows a sample film record for gage lines at the top and the 
bottom of the angle bars at mid-length in tests on the Pennsylvania Railroad for a 
speed of 45 miles per hour. At the top is a bolt tension record, which shows prac- 
tically no change in tension during the passage of the locomotive. The scale for a 
stress of 10,000 lb. per sq. in. is given at the left of the three stress records — the 
greatest stress recorded here is 22,000 lb. per sq. in. Some tests were made at 90 miles 
per hour and a number at S, 45, and 70 miles per hour. Generally three runs or more 
were made at a given speed — in a few tests only two. 

From the stress data of the tests, the bending moment at mid-section of the two 
bars was calculated. Since the moments in the several joints tested naturally differ 
considerably because of differences in conditions of rail support and fit of bars, their 
values have been expressed in terms of the average moment in the full rail under static 
loading as more readily giving comparisons of effect of speed. In Table 1 the value 
of the joint moment ratio for test a in the first line means that the average moment 
developed in the joint bars at mid-section for three or four runs at 5 miles per hour is 
.61 of the average moment found in the full rail with static loading-then reading 
across the table for the same joint, a value of .63 at 45 miles per hour, .65 at 70 miles 
per hour, and ,65 at 90 miles per hour — almost no change in stress or moment in the joint 
bars for the several speeds. It will be noted that the increase with speed shown in 
the table is generally small In some tests there is a decrease, as in test i. In test h, 
having an increase from the low value of .41 at 5 miles per hour to .68 at 90 miles per 
hour, the value at the high speed may be considered a moderate magnitude. The 
moment corresponding to the highest ratio in the table (.93) is of course less than the 
moment developed in full rail under static loading. 

It should be noted that these tests were made on different joints, with differences in 
bolt tension, and with bars changed from one joint location to another and even with 
bars shortened to 24 in., and of course with diverse conditions of tie support. The 
joint in test a (3854-in. angle bars) had been undisturbed for several months under 
heavy traffic and had an average bolt tension of 29,000 lb. In test h (the same joint) 
the average bolt tension had been decreased to 2000 lb. and a .005 in. thickness gage 
could be inserted for 3 and 8 in. at the two ends of the bars and 2 to 6 in. at their 
middle. In test c the same bars had been sawed to a length of 24 in. and re-installed 
with a bolt tension of 28,000 lb. Tests d and e were made at the same joint location 
with 3854-m. bars taken from another joint location and bolt tensions of 14,000 and 
12,000 lb. The joint in test / (joint location 5) had remained undisturbed under heavy 
traffic for several months and the bolt tension was 14,000 lb. The bars of test g were 
laterally deformed and had been installed in joint location 1 only a few days with a 
bolt tension of 12,000 lb. In tests h and i the bars from test g had been installed a 
short time at joint location 3 with bolt tensions of 23,000 lb. and 13,000 lb. respectively. 
Test ; was made on track No. 1 on a joint with 38j4-in. bars and an average bolt ten- 
sion /of 2000 lb., a track with large traffic not in as good condition as track No. 4, 
where most of the tests were made. The joint location of test h was on track No. 4 
away from the other test locations and the joint had not been disturbed for a long 
time. The bars were 24-in. angle bars and the bolt tension averaged 6000 lb. 

Part of the variation in values at a given joint doubtless is caused by variation in 
wheel load at the joint in one or more individual runs by transfer to the other wheel 
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on the same axle or to other wheels on the same rail Altogether the effect of speed on 
the stresses in the joints is apparently not greater than the effect on the rail itself. 
With the electric locomotive used there is no great increase in stress and moment with 
increase in speed. It should be noted that the electric locomotive used gives little 
dynamic augment, and that with a steam locomotive the dynamic augment for the 
drivers will give a corresponding increase in stresses in the joint, us it will also in 
stresses in the rail 

Some speculation has been indulged in on the efft‘ct of si)ecd on changes in bolt 
tension during the passage of the wheels of a train. In Fig. 1 the onc^ record of bend- 
ing stress at a gage line on the upper part of the angle bar (the record having peaks 
directly below the wheels), cna!)Ies us to fix the position of the passing wheel loads with 
respect to the record of the tension of the four bolts shown. At the left the scales 
give the change that would be necessary to record an increase of 10,000 lb. ])olt tcn.sion. 
The actual changes in magnitude of the bolt tension on the records shown are small, 
1000 lb. increase in end bolts and a similar decrease in inner bolts. In all the tests at 
the various speeds up to 70 miles per hour the changes in tension were relatively small, 
perhaps generally 500 to 2000 lb. and in a few cases 3000 lb., values which are com- 
parable with those found in statical laboratory tests. The sign of the change in ten- 
sion, whether positive or negative, was generally similar to that found in static tests in 
the laboratory. The conclusion from the tests i.s that the magnitude of the changes in 
bolt tension during the passage of a train is not of great importance. It is to be ex- 
pected that an even smaller change in magnitude will be found with symmetrical bars, 
since they do not have the same degree of tendency to swing inward at the middle 
and outward at the ends as have the angle bars. 



Fig. 7,*— Film Record of Changes in Bolt Tension. 


Variability in Track . — h year ago I presented to you information relating to 
the variability in track, in what is called heavy, high-grade track, stiffly ballasted track, 
in an effort to illustrate some of the defects and disadvantages that have become more 
marked by increasing the size of rail and especially by the great increase in the thickness 
and stiffness of ballast foundation. The data showed marked lateral bending of rail 
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from point to point and tie to tie, first inwardly of the track and then outwardly, 

quickly changin^^ from lie to tic, the stress at one edj^e of base of rail sometimes being 

three times the average stress along the track, all for centrally applied loads. The data 
showed large changes in the mean stress in base of rail, ranging from three-tenths of 
the average stre.ss along the track to 1.6 times the average stress, all for static loading. 
The tests showed extreme variations in the division of load carried by adjacent ties, 
varying from zero to 2.6 times the average share of load. Also, the bearing of rail on 
tic-plate and of tie-plate on tie was found to be irregular and uneven — sometimes the 

centroid of load applied by the rail was near one edge and sometimes near the other 

edge. The adzing for the tie-plate was not regular. A gage the thickness of a sheet of 
paper could be placed under the tie-plate over one portion of the bearing area when the 
rail was loaded, even the edge of a shovel or the thickness of a knife blade, and adjacent 
tic-platcs were far from being in the same plane. To bring these conditions to your 
mind again, it seems well lo show here two of the figures given last year and to follow 
with other figures representing vertical and lateral bending moments from point to point. 
Results of tests on track A will be given first, followed by results of tests on track B. 

In Fig. 8 is shown the play between rail and tie bed in one location along track A 
as found from pull-up and pu.sh-down tests. The variation in play at nearby points 
before gi'tling a firm support for the rail ranges from nothing to .18 in. Surely the rail 



Fig. 8.— Play Between Rail and Tie Bed. 
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Fig. 9.— Variation in Tie Loads. 
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will not be able to bend to give even bearing on adjacent ties. Some ties will carry 
little, others much, perhaps more than they should. The strc.sses in rail at places will 
be far greater than normal. What would a track engineer think of embedding ties in a 
concrete base and leaving such variability as this in the levels of the rail-bearings over 
the ties? And yet the stiffness of an old consolidated broken-stone ballast foundation 
on an established roadbed approaches that of concrete and the effects of unevenness 
and irregularities are much the same. Should not the care given to the surfacing be 
such as to remedy some of the defects? 

Fig. 9 showing variations in tie loads was given a year ago. Tie loads on ties in 
the same group varying from zero load to 2.6 times the average or expected load are 
noted. Similar conditions are to be found on much so-called high-grade track. Both 
ties and ballast are mistreated. The extra cost of greater uniformity is not large in 
comparison with the cost of rail and substructure. It is the maintenance methods that 
are at fault. 

In Fig. 10 are shown the values of the vertical bending moment in 130-lb. rail at 
the rear wheel when the car is moved two tie spaces at a time along track A on which 
the tests referred to above were made. The magnitudes of course are proportional to 



Fig. 10.— Vertical Bending Moment in 130-lb. Rail at Rear 
Wheel as Moved Along Track — Track A. 
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Fig. 11.— Lateral Bending Moment in 130-lb. Rail at Rear 
Wheel as Moved Along Track — ^Track A. 
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the mean stress in base of rail. The moments range from 20,000 to 440,000 in.-lb., with 
an average of 280,000 in .-lb. The variation in moment is due principally to the varia- 
tions in the tie pressures just referred to and to the moment arm of these reactions. 
Note the marked changes in value from point to point along the track. 

The foregoing figure is based on the mean of the stresses at the two edges of base 
of rail — for Fig. 11 the difference in stress at the two edges is used to determine the 
lateral bending moment in the rail at the same spots, and the magnitudes of the lateral 
moments are shown. Note the lateral bending of the rail inward and outward and the 
varying magnitudes, which of course involve corresponding twisting. The magnitude of 
the lateral bending moments may not be troublesome for the 130-lb. rail, but the effect 
on the ties and ballast bed and on maintenance is not to be measured by the stresses 
in this rail. 

In Fig. 12 are shown the vertical bending moments in the 110-lb. rail at the rear 
wheel as the car is spotted at every second tie space along track B of another railroad. 
The load is somewhat lighter, 26,500 lb. per wheel instead of 30,000 Ib. The track is 
well and deeply ballasted. The stretches at locations 1, 2 and 3 have hard limestone 
ballast, well compacted, and the track substructure is very stiff — the stiffest we have 
tested. The stretch at location 4 has flint gravel ballast and is less stiff, though this 
substructure has more than average stiffness. Except for five low values, the moments 
in rail on the very stiff ballast (locations 1, 2 and 3) differ from the average moment 
by an average variation of only 17 per cent, and the variation on the gravel ballast 
(location 4) is even smaller. 
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Fig. 12. — Vertical Bending Moment in 110-lb. Rail at Rear Wheel 
as Car is Moved Along Track — Track B, 


The magnitudes of the lateral bending moments in the 110-lb. rail of track B are 
plotted in Fig. 13. The values are given for the points for which the vertical bending 
moments in the last figure were obtained. It is seen that the values of these lateral 
bending moments are remarkably small. At the 52 places measured, the average of 
the numerical values of the lateral bending moment in the rail is only 1.4 per cent of 
the average vertical bending moment, and the maximum lateral moment is 5 per cent. 
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In considering this comparison it should be remembered that the section modulus with 
respect to the vertical axis is .19 of that with respect to the horizontal axis. The 
lateral bending due to static loading is very small on this track. 

In the GEO track on which the last tests were made (track B) the ties were 
preadzed and prebored in such a way as to make full and even bearing of tie-plate on 
tie and to bring the upper bearing surfaces of the tie-plates into the same plane from 
tie to tie along the track, with a further chance for slight adjustment by means of the 



Fig. 13. — Lateral Bending Moment in 110-lb. Rail at Rear Wheel as 
Car is Moved Along Track— Track B. 
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Fig. 14.— Gross Depression of Rail and Tie at Rear 
Wheel as Wheel Has Been Moved from Tie to Tie and 
Corresponding Value of u by Approximate Method, 
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wood shim under the rail. This uniformity of bearing is not peculiar to this type of 
track construction, for preadzing and preboring and firm fastening of tie-plate to tie 
have been used for some years in this country. As the tie-plates are held firmly to the 
tie and the rail is held to the tie-plate, the main source of vertical play is between the 
tie and its bed in the ballast. This and the natural variation in stiffness of the ballast 
itself remain as the principal sources for variations in vertical moments from point to 
point along the track for static loading. 

Stiffness of Substructure.— Fig. 14 gives the gross depression of rail and tie on 
one of the test locations of track B (130-lb, rail)-. The marked play at the right of 
the stretch shown was apparent by visual inspection. For the wheel load of 30,000 lb. 
the gross depression of the rail shown in the upper part of the figure ranges from .18 in. 
to .33 in. In the lower part of the figure the gross depression of the tie for the heavy 
load ranges from ,1 in. to .25 in., and the diagram indicates that there is a marked 
variation in the loads taken by the ties. The purpose of showing this figure is to 
bring out that there is a large variation in the values of the modulus of elasticity of 
rail support u, which here was calculated by an approximate method using the value 
of the net rail deflection at the rear wheel for each position of load. The values of the 
modulus so calculated are written below each tie. Even though the stiffness of the 
130-lb. rail aids in bridging over poor supports, the modulus ranges from 1800 to 3000 
within four tie spaces. 

At the left side of Table 2 are given values of the modulus of elasticity of rail 
support u for five locations on the track first referred to (track A, 130-lb. rail). The 
average value, 2600 lb. per in. per in., represents a very stiff rail support, as track usually 
runs. At the right are given values for six locations on the second track (track B, 110-lb. 
rail). For the limestone ballast the moduli indicate a very stiff rail support, averaging 
5100, by far the stiff est we have encountered. Part of this extreme stiffness is due to 
initial compression of the ties by fastening the tie-plates with screw spikes. This also 
applies to the flint gravel ballast, which has an average value of 2900, a value that is 
extremely high for gravel. It may be well to remark that for stiff ballast medium 
variations in the modulus from location to location along the track probably cannot be 
avoided — it is the variation in stiffness and uniformity from tie to tie and from one 
group of ties to another nearby that needs remedying — the defects that are responsible 
for great variations in stresses in rail and in tie and ballast loads. 

In closing, I desire to ask you to give careful consideration as time goes on to the 
desirability of reducing as far as possible the present variability factors in track main- 
tenance — a topic that was discussed in some detail in my talk at the meeting a year ago. 
The great increase in the stiffness of the track structure in recent years has brought new 
problems that should not be overlooked. With deep consolidated ballast the average 
net depression of the rail under load has decreased greatly in high-grade track, perhaps 
sometimes to a third of what it was a few years ago. At the same time the variation 
from tie to tie of the play of the rail on its support probably has changed but little — 
perhaps it has increased from that on less rigid ballast. The variation in bearing of 
rail on tie-plate and tie has received scant consideration; the proper adzing of the ties 
will pay good dividends against maintenance costs. In our satisfaction in possessing 
heavy rail and deep ballast, have we not neglected making progress in important accom- 
panying matters relating to the economics of maintenance? Altogether a little extra 
cost, perhaps only a better directed effort at uniformity, will relieve track of some of 
the sources of maintenance troubles. 

I would not have you think that the topics mentioned tonight constitute the main 
part of the forthcoming report of the Committee. Rather I wish that this sketchy talk 
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will whet your appetite to make a thorough study of its findings after publication is 
made. 


Table 1— Efpect op Speed on Joint Moment Ratio 
Representative of change in stresses 



Speed in Miles per Hour 

Test 

5 

45 

70 

90 

a 

.61 

.63 

.65 

.65 

b 

.41 

.50 

.56 

.68 

c 

.57 

.63 

.70 


d 

.66 

.72 

.80 


e 

.68 

.71 



f 

.67 

.65 

.77 


g 1 

.87 

.78 

.93 


h 

.85 

.80 

.86 


i 

.84 

.80 

.70 


i 

.47 

.48 

.45 


k 

.43 

.52 

.42 



Table 2 — Modulus of Elasticity of Rail Support u 
The value of « is given in pounds per inch per inch of one rail 


Location 

Track A 

Location 

Ballast 

Track B 

1 

2500 

1 

Limestone 

3700 

2 

2900 

2 

(C 

SSOO 

3 

2200 

3 

it 

6200 

4 

2600 


Average 

5100 

5 

2600 

4 

Flint 

2500 

Average 

2600 

5 

c< 

2600 



6 

(( 

3600 




Average 

2900 


The President: — ^Dr. Talbot, I do not have words to thank you for this excellent 
paper this evening and especially for the outstanding work you have done heretofore. 
I am going to ask for a rising vote of thanks of the members here. 

(The convention arose and applauded Dr. Talbot.) i 

The President;— When I went to the University of lUinois last December to ask 
Dr. Talbot to come here he said, “I haven’t anything to say. What is the use of my 
coming there?” 
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When he said, “No,” I said, “That is a nice thing to come clear from New York to 
Urbana for, to have you say ‘No’ just before Christmas.” 

He said, “Oh, all right. I will let you know later.” 

I have not had a word from him from then until now. He is here. 


DISCUSSION ON RAIL 

(For Report, see pp. 605-645) 

Mr. Earl Stimson (Baltimore & Ohio) : — ^The Rail Committee presents for your con- 
sideration several revisions in details of the Rail Specifications, a Specification for Spring 
Washers, and some changes in the Standard Rail Sections. Mr. Blaess will present the 
revisions of the Rail Specifications. 

Mr. A. F. Blaess (Illinois Central) : — The report of Sub-Committee No. 1 of the 
Rail Committee is found in Bulletin 353, Appendix A, pages 606, 607 and 608 inclusive. 

Subject No. 1 — Reduction of the Carbon Content and Adjustment of Manganese 
Content in the Rail Specifications: The upper limits of carbon in the present specifica- 
tions for 100 to 140-lb. rail were fixed on the basis of experience with lighter weight rail. 
Records of the heavier rail in service have indicated that they may be too high and 
several months ago the Manufacturers’ Technical Committee suggested that consideration 
be given to lowering the upper limits of carbon and adjusting the manganese contents. 
Such consideration has been given by your Committee and recommendation is made for 
reducing the upper limits of carbon, restricting its range to 13 points, and increasing the 
manganese. This is shown in Table II on page 607. 

The next modification in the chemistry of rail is the change in silicon content. The 
present specifications stipulate a minimum of 0.15 silicon without restriction as to maxi- 
mum. A tendency has been noted on some roads towards an increase in the number of 
failures of rail high in this element. To overcome this it is proposed to specify a range 
in silicon from a minimum of 0.10 to a maximum of 0.23. 

For the purpose of comparison the present chemical requirements as given on page 
148 in the Manual are shown in Table I. Proposed chemical requirements recommended 
by the Committee are shown in Table II. That Table II is shown on page 607. 

Classification Markings: Acting upon the report of several members that the re- 
quirement in paragraph 17, sub-paragraph (e) of the Rail Specifications, that “all rails 
of a heat whose carbon content exceeds the mean carbon percentage of the specified 
range shall have both ends painted blue,” has resulted in giving a wider carbon range 
than desirable for rails for use under conditions contemplated by the specifications. 

It is the recommendation of the Committee that sub-paragraph (e) be changed to 
read: 

“All rails of a heat whose carbon content is in the upper five points of the carbon 
percentage of the specified range shall have both ends painted blue.” 

Branding and Stamping: In 1931 and 1932 the Association adopted recommenda- 
tions for branding and stamping rails. It is the thought of the Committee that these 
recommendations should be incorporated in the Rail Specifications as indicated under 
“Proposed Paragraph 16”. 

I don’t know that it will be necessary to read those. 

The President:— Unless the members wish them read, we will omit them. They 
were in the report of last year. 
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Mr. A. F. Blaess:— The purpose of bringing them up now is to get approval of the 
convention to having them incorporated in the Manual as part of the specifications." 

Revision of Form 402-A: While it was stated in last year’s report that definite 
recommendations would be made this year for revision of Form 402-A, Report of Rail 
Failure in Main Track, such revision is not especially urgent and the Committee believes 
it may well await the outcome of the joint investigation which will possibly suggest the 
need for additional information concerning failures in track. 

Your Committee recommends: 

“L That carbon and manganese contents for 85 to 140-lb. rail and silicon content 
for all weights of rail as stipulated in paragraph 2 of Standard Specifications for Open- 
Hearth Carbon Steel Rails, page 148 of the Manual, be revised as shown in Table II.” 

I move adoption of Recommendation No. 1. 

The President: — Is there any discussion? Are there any remarks? 

(The motion was put to a vote and carried.) 

Mr. A. F. Blaess: — “2. That sub-paragraph (e) of paragraph 17, of the Standard 
Specifications for Open-Hearth Steel Rails, page I5l of the Manual, be changed to read 
as given under ‘Classification Markings.^ ” 

I move that recommendation be adopted for publication in the Manual. 

The President: — Is there any discussion? Are there any remarks? I believe that 
these markings have also been approved by the rail manufacturers. Is that correct? 

Mr. A. F. Blaess: — ^Yes. This has been discussed with them and met with their 
approval. 

(The motion was put to vote and carried.)' 

Mr. A, F. Blaess: — “3. That paragraph 16 of the Standard Specifications for Open- 
Hearth Carbon Steel Rails as printed on page 151 of the 1929 Manual and repeated here- 
with, under the heading, ‘Present Paragraph 16,’ be revised to include the ‘Typical 
Branding,’ ‘Typical Stamping’ and ‘Recommended Design of Letters and Numerals to be 
Used in Stamping,’ as adopted by the Association in 1931 and 1932 and appearing on 
pages 353 and 354 of the 1931 Proceedings, and be revised to read as given herewith un- 
der the heading, ‘Proposed Paragraph 16.’ ” 

I move adoption of that recommendation for publication in the Manual. 

Mr. C. W. Baldridge (Santa Fe) : — I should like to ask if the letters and figures for 
stamping as given here are supposed to be the exact sizes that are to be used on rail. 

The President: — ^He means the dimensions. 

Mr. A. F. Blaess: — ^Yes, sir. 

The President: — ^That is the mathematical size? 

Mr. A. F. Blaess: — ^Yes, sir. 

Mr. C. W. Baldridge: — I would suggest that instead of saying they shall be this s'ze 
to specify that they shall be not less than this size. I see no objection if anybody wants 
to have them larger. In my experience, the larger figures are a little easier to read than 
the smaller ones. 

Mr. A. F. Blaess: — ^The Committee considered that and we felt it would be better 
to have a uniform size letter. For that reason we specified the size mentioned in this 
report. 

The President: — ^Are you ready to vote? All in favor will say “aye”; contrary, 
“no.” The motion is carried. 

Chairman Earl Stimson: — ^Mr. W. C. Barnes, Engineer of Tests of the Rail- Com- 
mittee, will now present the report on Rail Failure Statistics fot 1931, as given in Ap- 
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pendix C-1, page 610, and on Transverse Fissure Statistics, given as Appendix C-2, on 
page 624. 

Mr. W. C. Barnes (Engineer of Tests, Rail Committee) : — I don’t think it neces- 
sary to take the time to discuss the rail failure statistics in detail as they have been tab- 
ulated and compiled in the usual manner. I should just like to point out, however, that 
their presentation this year embodies an improvement for which we are indebted to 
Secretary Fritch, namely, the setting up of the tables in type instead of having them 
made from plates as heretofore. They will be found to be more legible and present a 
better appearance. Next year we expect to be able to similarly improve the diagrams. 

I move that the Rail Failure Statistics as presented in Appendix C-1 be accepted as 
information. 

The President: — ^Would anyone like to ask any questions in connection with these 
tables? If not, they will be so received. 

Mr. W. C. Barnes: — The Transverse Fissure Statistics are shown in page 624 as Ap- 
pendix C-2. They include all such failures up to December 31, 1931 which have been 
reported, and present a cumulative record which now totals 58,277 transverse fissure 
failures. 

This report also is made out in the usual manner and is, I believe, self-explanator>'. 
I would be warranted, possibly, in taking time to call your attention to Fig. 1 at the 
bottom of page 625, which shows a rather marked decrease in fissure failures which have 
occurred in actual service since 1929, the first year in which the fissure detector cars were 
put into any considerable use. No doubt this decrease is influenced quite considerably 
by the decrease in traffic, but I would say that I have made other studies which have 
shown me that this decrease is much more marked on roads that have used the detector 
cars than on those that have not used them. So at least some part of this decrease is 
due to the effect of detector car work. 

I move that this report be accepted as information. 

The President: — Is there any question? Any remarks? If not, it will be so re- 
ceived. ' 

Chairman Earl Stimson: — Complying with the insistent demand of the Committee 
on Outline of Work and the Board of Direction and after a number of years of careful, 
thorough consideration, your Committee this year presents Specifications for Spring 
Washers. Mr. Lem Adams will make the presentation. 

Mr. Lem Adams (Union Pacific) : — ^About ten years ago the Rail Committee pre- 
sented a specification for spring washers which was adopted by the Association. At that 
time there were no specifications in existence and, with only one or two manufacturers 
of high tension spring washers, we found it necessary in preparing such specifications to 
adopt a rather low tension. It was found, after a few years, that this did not meet the 
demands of the railroads, so about two years later another specification was drawm with 
very high tension. There were, however, a number of defects in this specification, and 
the manufacturers of relatively low pressure washers were able to supply washers under 
the specification and yet meet its requirements. 

About 1929 this subject was given to the Rail Committee again for the preparation 
of another specification or the elimination of same. As a consequence, the specification 
was entirely eliminated from the 1929 Manual. Then this Committee undertook to pre- 
pare a new specification, and following is the one that has now been formulated by 
the Committee. 

The Sub-Committee has prepared the following specifications which are recom- 
mended for use by those who purchase spring washers. This recommendation of these 
specifications, however, does not imply any recommendation for or against the use of 
spring washers, which is a matter outside of the Committee assignment. 
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I am not going to read the specifications unless you so wish, as the general require- 
ments are shown here on page 635 of Bulletin 353. 

I move the adoption of the Specifications for Spring Washers, as submitted in 
Bulletin 353, pages 635 to 637, inclusive. 

The President:— Does anybody want to ask Mr. Adams some questions? Is there 
any discussion? 

(The motion was put to vote and carried.) 

Chairman Earl Stimson: — On page 638, Appendix F-2, is given the report on the 
assignment, “Relative Merits of Rail Sections Heavier than 100 lb. per yard from the 
Standpoint of Economical Distribution of Metal and Strength.” 

* In studying this subject, it resolved itself into a matter of redesigning the sections, 
taking into account the economical distribution of metal and the strength of the section. 
As the result of the study, the Committee unanimously agreed on an improved section 
to take the place of the 130-lb. R. E. section. 

The Sub-Committee handling this matter, whose Chairman, Mr. Michel, is not here, 
presented a number of designs for an improved 130-lb. section to give more stiffness to 
the rail and a greater fishing distance and therefore a stronger joint bar. These all 
varied by small fractions of an inch. When the matter was summed up, it was found 
that the Pennsylvania 131-lb. section and a section for 130-lb. rail designed by the late 
Dr. Dudley were so nearly alike the 130-lb. section recommended by the Sub-Committee 
that in the interests of uniformity and simplified practice and standardization, the vari- 
ous interests that advocated these different designs of section came together, and inas- 
much as the Pennsylvania 131-lb. section was already in existence and there was already 
a considerable tonnage in track, and as this section had given very satisfactory service 
under heavy traffic for something like two years, the Committee all agreed that that 
was the section that we would propose in place of the present 130-lb. R. E. section. 

You are all familiar with this section. It is given on page 640. Since this report 
has been out for sometime, you probably have studied the details and are familiar with 
them. I am not going into that detail but will place the matter before you so that 
any discussion may be had that may seem necessary. I therefore move the adoption of 
this 131-lb. section, which will be known as the 131-lb. R.E. section, in place of the 
130-lb. R.E. section shown on page 145 of the 1929 Manual, which section is to be with- 
drawn from the Manual. In other words, the 131-lb. section will take the place of 
the 130-lb. section. 

The President: — ^Has anyone any discussion on this? I think that possibly some 
of the members here should be enlightened on some of the high and low points in regard 
to the determination of coming to this section. I thought that possibly some members 
on the floor would like to bring out those points. If the Committee does not mind, I 
would say that you will find the top radius of the various heads is different, though not 
radically different, from other rail heads that have been in use. The double radius or 
parabola used throughout the systems in the East produces a quicker cold rolling and 
forms a contour, and also less overflow on the gage side than is produced on the short 
radius head. 

I thought I would mention that because the Rail Committee is a little modest in 
explaining some of those details. Would any of the members like to say anything in 
this connection, particularly the mill men? 

Mr. J. C. Irwin (Boston & Albany) : — should like to make one remark and it* is 
not in regard to design. I think that this is a very important step toward national 
standardization. It is a thing that should be recognized as such and much credit can 
be given to those who have set aside their personal views in order to arrive at a proper 
standard for the country. 
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The President:— Is there any more discussion? 

(The motion was put to vote and carried.) 

Chairman Earl Stimson: — ^The second recommendation on page 639 reads: “(2) As 
the 120, 140 and 150-lb. R. E. rail sections have never been used, and as the tendency 
is to increase the weight of rail used by increments of 20-lb. instead of 10-Ib., it is 
recommended that these sections shown on pages 144, 146 and 147 of the 1929 Manual 
be withdrawn.” I so move. 

The President:— Is there any discussion or remark? 

(The motion was put to vote and carried.) 

Chairman Earl Stimson: — ‘‘(3) In connection with the above recommendations, it 
is recommended that the table headed ‘Application of recommended rail drilling to 
standard rail sections,’ page 162 of the 1929 Manual, be revised to eliminate the drilling 
for the 120, 130 and 140-lb. R.E. sections.” I so move. 

(The motion was put to vote and carried.) 

Chairman Earl Stimson: — Recommendation No. 4: “It is further recommended that 
the ‘Height of bolt hole above base of rail’ of 334 in. for the 131-lb. R.E. rail section 
be added to the table referred to in Recommendation 3.” I so move. 

(The motion was put to vote and carried.) 

Chairman Earl Stimson: — This concludes the Rail Committee’s report, Mr. Presi- 
dent. 

We have the good fortune to have with us tonight Prof. H. F. Moore, of the Um- 
versity of Illinois, who is conducting the transverse fissure rail investigation on the 
joint account of the Rail Manufacturers’ Technical Committee and the Rail Committee, 
and he will favor us with an address, explaining the work he has been doing at that 
point. 

(Prof. H, F. Moore described the progress being made in the joint investigation of 
steel rails, conducted at the University of Illinois, and illustrated his remarks with lan- 
tern slides.) 

The President; — Before dismissing the Committee, I want to refer to the remarks of 
Mr. Irwin in regard to the adoption of the new 131-lb. R.E. rail section. In the 
Division IV — Engineering of the A.R.A., a great many Railroad Executives approached 
me during the past year in regard to why the A.R.E.A. has not been more active 
in having its Recommended Practices used more generally by the railroads of this 
country. That question came up at one of the Engineering Division meetings, and 
we had to get certain typical illustrations to carry out that thought. I reported back 
to these Executives and told them that the trouble was in their own families. 

In order to draw that out, we have to start, for example, in track construction with 
the rail, because we have to start at the top and work down. That is one of the things 
I brought out in my address this morning in regard to the Committees correlating those 
various phases of our work. 

I believe that the adoption by this Committee and this Association of the new rail 
section is one of the greatest steps forward that the Association has made. I believe £hat 
it will lead to a greater application by more railroads and to a greater recognition of 
the outstanding work that this Association has done for so many years. I wish to express 
my thanks to the Rail Committee for starting it. I wish to thank you for your excellent 
report and particularly for that on the 131-lb. rail section. 

You are excused with the thanks of the Association (Applause). 
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Mr. C. W. Baldridge (Santa Fe) The report of the Roadway Committee will be 
found in Bulletin 349, page 131. For this year’s work the Committee respectfully pre- 
sents the following report. 

Subject No. 1, Revision of the Manual. The Committee have made revisions of 
the Manual quite thoroughly each year for sometime in the past and this year we were 
unable to find anything that needed further revision, so far as we could judge it, and 
have no report to make on that subject. 

Subject No. 2, Methods of Roadbed Drainage. The report of the Sub-Committee 
is found in Appendix B. 

This report is a continuation of the report on the same subject as made and adopted 
last year, and it is the Committee’s recommendation that the matter in Appendix B, 
beginning with the words, “French or Rock Drains,” on the first page of the report, 
and ending with Article 9, be adopted for inclusion in the Manual, following the matter 
adopted last year. 

Mr. Fanning, Chairman of the Sub-Committee, will present the report. 

Mr. G. S. Fanning (Erie) We have been engaged for three years now on the sub- 
ject of roadbed drainage. The first two years we covered the subjects of surface drain- 
age and sub-surface drainage in detail. This year’s report covers the application of 
these facilities generally to special problems during construction. Almost all of this 
material is already in the Proceedings or the Manual and this is, in effect, a rearrange- 
ment so as to make it fit in with the new drainage material. During the coming year 
this subject will be continued to deal with special problems of maintenance. It seems 
unnecessary to read this material, and, although it is offered for the Manual, I will read 
it by headings only: French or Rock Drains; Special Problems During Construction; 
Prevention of Soft Spots and Water Pockets; Definitions; Causes; Prevention; Long 
Cuts; Widening Cuts and Fills; Multiple Tracks; Yards; Passenger Stations; Highway 
Grade Crossings. 

This material is to replace certain material now in the Manual as listed at the bottom 
of page 136 and the top of page 137. 

I move adoption of this report for inclusion in the Manual. 

The President: — ^It has been moved and seconded that the report be adopted for 
inclusion in the Manual. Is there any discussion on this? Does anyone wish to make 
any remarks? 

(The motion was put to a vote and carried.) 

Chairman C. W. Baldridge: — Subject No. 3, as assigned to this Committee, reads: 
Study of the Service Life of Fence Wire and Specifications for Railway Fence Wire. The 
Sub- Committee was unable to secure sufficient information during the year to bring in 
a final report. Therefore the report of the Sub-Committee, as given in Appendix C on 
page 137, is offered as information. Mr. Pruett is not here and I will therefore pass that 
subject and go to the next one. 

The President: — If there is no objection, we will arrange accordingly. Is there any 
member who would like to ask any questions or any information from the Committee 
on this subject ? Please proceed. 

Chairman C. W. Baldridge: — ^Perhaps I should have said the subject has been reas- 
signed, and Mr. Pruett will continue the work for the coming year. I anticipate they 
will have some real information by next year. 
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Subject No. 4, Investigate the Use of Portable Cribbing in Place of Rigid Retaining 
Walls and the Utility of the Different Kinds of Cribbing. Mr. A. E. Botts, Chairman of 
the Sub-Committee, will present the report. 

Mr. A. E. Botts (Chesapeake & Ohio) : — ^The report of Sub-Committee No. 4 will be 
found on pages 139 to 148, inclusive, of Bulletin 349. Data supporting this report was 
secured from various sources and we think it represents a fair cross-section of the best 
practices pertaining to the use and utility of portable cribbing. On page 139, under the 
heading, Materials, paragraph 4, there is an error in the report, wherein it refers to* 
Fig. 10, both, open and closed face cribbing. Fig. 10 covers the one face. 

The report is self-explanatory and we offer it as information. 

The President: — If there is no objection it wiU be so received. Does any member 
wish to ask Mr. Botts a question? 

Chairman C. W. Baldridge: — ^The next subject is No. 5, Physical Properties of Soils 
and their Effect on Roadbed Performances. Mr. Legro, Chairman of the Sub -Committee, 
is not present and I am asking Mr. Lewis, member of the Commmittee, to present the 
report. 

Mr. E. R. Lewis (Michigan Central) : — ^This assignment. Physical Properties of Soils 
and their Effect on Roadbed Performance, as found on page 149, is conceived by the 
Sub-Committee as of such importance and worthy of so much study that this report 
is intended as only the beginning of what we hope to accomplish. This subject merits 
research and we anticipate that consideration will extend over a number of years. 

The report is offered as information. 

The President: — Does anyone wish to ask Mr. Lewis any questions? If not, the 
report will be so received. 

Chairman C. W. Baldridge: — Subject No. 6 assigned to the Committee reads: Drain- 
age Areas and Water Run-Off and the Proper Size of Waterway Openings. This is a 
subject which the Committee have been working upon for several years and we now 
Delieve that we have reached a conclusion. Prof. Jamison Vawter, Chairman of the 
5ub- Committee, will present the report. 

Prof. Jamison Vawter (University of Illinois): — The report of this Sub-Committee 
s on pages 150 to 152 of Bulletin 349. In this report two additional formulas and ref- 
irences are given in addition to what was in the last report of this Sub- Committee. There 
s one correction which should be made on page 150, in the second line from the bottom. 
The phrase “Obtained by observations over a number of years” should be in parentheses. 
The Committee would lilce to call attention to certain of the conclusions, namely, a 
^^arning against the blind use of formulas, the fact that the same formula cannot be 
xpected to give satisfactory results for both large and small drainage areas, and the 
^alue of data such as the Dun tables. The modified Myers formula as given by Jarvis, 
he Fuller formula, and the “rational method” are also covered in the conclusions. The 
ecommendations presented with the report are as follows: 

“The Committee believes that tables similar to the Dun data can best be compiled 
y the separate railroad companies for their own use, making use of all experience gained 
1 the territory served by them. Attempts made to obtain these data by means of a ques- 
onnaire sent to the various roads have not proved successful. ^ 

“The Committee recommends the report be accepted as information.” 

The President: — ^Are there any questions? If not, it will be so received. 

Chairman C. W. Baldridge: — Subject No. 7 reads: Methods of Correcting Soft 
pots in Railway Roadbed where it is Impracticable to Stabilize it by Drainage. 

Mr. 0. H. Wainscott, Chairman of the Sub-Committee, will present the report. 

. seems Mr. Wainscott is not here this morning. Mr. Brown, will you present the 
port? 

A 



828 


Roadway 


Mr. W. G. Brown (Florida East Coast)-:— -The report of the Sub-Committee on 
Methods of Correcting Soft Spots in Railway Roadbed where it is Impracticable to 
Stabilize it by Drainage is found on page 152 of Bulletin 349, and it is offered as infor- 
mation. 

The President:— Does anyone wish to ask Mr. Brown any question? If not, it will 
be so received. 

Chairman C. W. Baldridge:— Subject No. 8 as listed this year reads: Specifications 
for Overhaul in Grading Contracts and a Recommended Method of Calculating Over- 
haul. Owing to the impossibility of continuing as Chairman of the Sub-Committee last 
year, the man then in charge resigned the chairmanship quite late and I undertook to 
handle the subject myself. 

The report on this subject was printed in Bulletin 342 last year and appears on page 
315 of that Bulletin. It was carried over for further consideration, but after the year’s 
work was done and our report was ready for presentation to the full Committee last 
October, the Committee decided to submit the report as it was printed last year with 
the exception of two words, I believe. Inasmuch as this report is not in your hands 
except through last year’s Bulletin, I presume it would be advisable to read it. 

The President:— How long is it? 

Chairman C. W. Baldridge:— About three pages of reading matter. 

(Chairman Baldridge read Appendix E, page 315 of Bulletin 342 of Vol. 33 of the 
Proceedings.) 

Chairman C. W. Baldridge:— That represents the Specifications for Overhaul and is 
similar to the specifications previously in the Manual before their removal in 1926. Do 
you wish to act on these specifications now? 

The President: — We will act on this now. 

Chairman C. W. Baldridge: — ^It is moved that the specifications just read be adopted 
for inclusion in the Manual. 

The Chairman read “Method of Computing Overhaul,” as shown in Appendix E, 
page 315 of Bulletin 342, with the following interpolation before the words: “With fine 
lines,” etc.: In this clause I am leaving out the words “for embankment,” which were 
in the printed form last year. It is unnecessary and somewhat confusing and we will 
therefore omit them. 

The President: — Is there any discussion? Are there any remarks? 

(The motion was put to a vote and carried.) 

The President: — ^Please proceed, Mr. Baldridge. 

Chairman C. W. Baldridge: — ^The rest of this is just descriptive of how this is 
handled and is offered as information to be printed in the Proceedings. The specifications 
already adopted will go in the Manual. 

The President: — Will you so move? 

Chairman C. W. Baldridge: — I move that the description and material read but 
not offered for inclusion in the Manual be accepted as information and printed in the 
Proceedings. 

The President: — ^Mr. Baldridge has said it is already in the Proceedings of last year, 
in Vol. 33. We will act on this accordingly, because there may be some slight changes 
there. 

(The motion was put to a vote and carried.) 

Chairman C. W. Baldridge: — Subject No. 9 assigned to this Committee for this 
year’s work reads: Desirable Width of Roadbed in Cuts and on Fills and Desirable 
Slopes of Banks Under Varying Conditions of Present-Day Loadings. 

Mr. W. M. Ray, Chairman of the Sub-Committee, will present the report. 
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Mr. W. M. Ray (Baltimore & Ohio) : — ^The report of this Sub-Committee is found 
on page 158, under Appendix I, Desirable Width of Roadbed in Cuts and bn Fills and 
Desirable Slopes of Banks Under Varying Conditions of Present-Day Loadings. The 
Sub-Committee studied the material in the Manual on the matter of roadbed widths 
which are tied into the standard ballast sections in the Manual, with a general provision 
that the edge of the roadbed should be 18 inches outside the foot of the ballast slope. 
The ballast sections as shown on pages 103, 104 and 105 of the Manual indicate a dif- 
ferent treatment in the section for stone ballast, as compared with the section recom- 
mended for gravel ballast. This results in a difficulty in establishing the roadbed width 
by any uniform method, starting from the ballast section. As a matter of fact, the rail- 
roads submitting standard sections plot the ballast section and the roadbed section to- 
gether and so eliminate this difficulty, but the Sub-Committee felt, under the circum- 
stances, that the differences in the ballast sections and these discrepancies should be 
reconciled before a further definition can be made as to width of roadbed. 

With reference to slopes of banks, the material in the Manual has been examined 
and it appears that there was a Sub-Committee assignment exactly along similar lines 
which was treated in Vol. 25 for 1924, page 362, with the following remedies suggested 
for the adjustment of roadbed under varying conditions of present day loadings: 

1. Strengthen the roadbed by better drainage. 

2. Strengthen the roadbed by widening same. 

3. Help the roadbed to function properly by better distribution of the load — deeper 
ballast, heavier rail, etc. 

This material is submitted as information with the recommendation for further study 
of the ballast section in this connection. I move that this be accepted as information. 

The President: — It has been moved that this report be accepted as information only. 
Are there any questions? 

Vice-President W. P. Wiltsee: — ^With reference to width of roadbed and especially 
with reference to sub-ballast which might be considered as a top dressing of the roadbed 
section, I want to suggest to the Committee that they be very careful and not do any- 
thing to take away the importance of ballast and throw it into the roadbed class. Sub- 
ballast, to my mind, is a ballast, not a part of the roadbed. The roadbed is made gen- 
erally from local material. Ballast material is material that is foreign and is hauled in 

to perform various functions. I just call attention to that because I think it is very 

important in our valuation matters and classifications of accounts. 

The President: — ^Are there any other questions? 

Chairman C. W. Baldridge: — ^The remarks that Mr. Wiltsee just made will be taken 
into consideration by the Committee on Outline of Work. Incidentally, the subject which 
has just been reported upon has been discontinued so far as the Roadway Committee is 
concerned. There was a recommendation made by the Roadway Committee that the 
Ballast Committee be given that assignment, but I do not know what was done about it. 

Subject No. 10 was to Investigate Methods of Protecting Against Drifting Snow and 
Methods of Removal of Snow on the Line and in Yards and Terminals. 

Mr. F. W. Hillman, Chairman of the Sub-Committee, will present the report. 

Mr. F. W. Hillman (Chicago & Northw^estem) :— This report is found on page 159 

of Bulletin 349. The subject has two major divisions: Protection and removal. Under 
protection, consideration is given to removal of obstructions which cause drifting of snow 
onto tracks and to placing of obstructions which would prevent or retard drifting. Be- 
cause of irregularity of action of snowstorms no fixed rule can be stated for locating 
snow fences. However, a general rule is suggested. 
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The removal of snow is divided into removal on lines and in yards and terminals, 
and the Committee has outlined a general policy for handling snowstorms. This report 
is submitted as information. 

The President: — Is there any discussion or any remark? 

Mr. W. A. Radspinner (Chesapeake & Ohio) I hope that the members of this 
Association will not think that I am bringing up this fire prevention matter too often, 
but on our railroad whenever we have a fire it is my job to prevent a re-occurrence, 
and the various exceptions that I have brought out are from actual experience. Both 
this Committee and the Sub-Committee on Snow Melting Devices have recommended the 
use of casing head gasoline and snow melting oil. We have had two serious fires on the 
Chesapeake & Ohio from that source. One was in a tower. We require the people who 
lease and use our property under the Interstate Commerce Commission rules to store 
casing head gasoline 100 feet off our right-of-way or rather from rails over which a 
locomotive passes and we store the snow melting oil and casing head gasoline in drums 
right on our property, sometimes close to an open flame. While it is probably not the 
province of this Association to enter a campaign of education of the people who use 
that material, in both instances on our line the damage was due simply to a matter of 
ignorance. The man went up there with a lantern to get some of the snow melting oil. 
He burned the tower down and a building that was used for motor cars. 

I think if this Association is going to recommend the use of such hazardous liquids 
as casing head gasoline and snow melting oil on the right-of-way we ought to include 
in the report some provision for its protection while it is stored on our property. 

Mr. F. W. Hillman: — ^Mr. Radspinner, the Committee on Maintenance of Way Work 
Equipment has assigned to it the subject, “Types of Snow Melting Devices,” which we 
thought precluded their consideration in our report, although we have suggested where 
they might be used. 

Mr. W. A. Radspinner: — ^Their report is all right. They call attention to the fire 
hazard, stating it is a fire hazard. On the question of storing it on our property, whether 
we should comply with the rules and regulations of the Interstate Commerce Commission 
in regard to its storage is something that I think we ought to give some consideration. 

The President: — I am very glad that you brought that up. The Committee on Out- 
line of Work will take it under consideration for future action. This report is submitted 
as information and if there is no objection it will be so received. Thank you, Mr. 
Hillman. 

Chairman C. W. Baldridge: — ^Subject No. 12, as assigned to the Roadway Commit- 
tee, reads: Specifications for Pipe Line Crossings under Railway Tracks. Mr. P. T. 
Simons, Chairman of the Sub-Committee, will present the report. 

Mr. P. T. Simons (Missouri Pacific): — Specifications for Pipe Line Crossings Under 
Railway Tracks were submitted to the convention last year as information. These have 
now been revised for this year’s report, as printed in Bulletin 349, page 163. This report 
covers all essential features of specifications which are now in use on about thirty rail- 
ways which reported their practices to the Sub-Committee. Suggestions and minor ob- 
jections were received from the railways but these were reconciled and the report pre- 
pared accordingly. 

As was stated at the convention last year and as stated again yesterday by members 
of Committee XX, a number of pipe line companies, through the American Petroleum 
Institute, objected to the procedure by the A.R.E.A. to adopt specifications which this 
Committee submitted. 

In order to bring about, if possible, the withdrawal of those objections, two confer- 
ences were held between committees of the A.R.E.A. and the A.P.I. in June and October, 
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1932, prior to the date on which the report as printed in Bulletin 349 was adopted by 
the Roadway Committee. After the second conference, this Committee believed that 
points in conflict had been adjusted, or as nearly adjusted as could be, to the satisfaction 
of all concerned. But that was not the situation. In December, 1932, and January this 
year, the American Petroleum Institute requested that efforts to standardize agreements 
and specifications for pipe line crossings be discontinued. This request resulted in further 
efforts to harmonize the views of the two organizations, working through committees, and 
led to the adoption by your Roadway Committee of further revisions in three paragraphs 
and in the sketch drawing as printed in the Bulletin, which revisions are as follows; 

“6. Casing shall extend at least 45 feet each side from (measured at right angles to) 
center line of outside track. If additional tracks are constructed in the future, the casing 
shall be correspondingly extended. 

“7. Where warranted by special local conditions, which are mutually agreed to by 
railway company and the pipe line company, accessible emergency shutoff valves shall 
be installed within effective distance at each side of crossing. 

“9. Crossings under railway tracks of pipe lines carrying extremely volatile or highly 
inflammable material shall, where practicable, be located where the ground surface slopes 
downward away from the railway.” 

The plan shown on page 164 has been revised to agree with the revised paragraph 7 
of the specifications, which I just read, by omitting the shutoff valves on each side of 
the crossing on the drawing, which it is now proposed to substitute for the drawing as 
printed. There are also some corrections necessary in the note at the bottom of the 
drawing. 

So the specifications as finally revised are now offered for adoption and inclusion 
in the Manual. 

I move the adoption of the revised specifications as just described. 

Chairman C. W. Baldridge: — I second the motion. 

The President: — Discussion is now in order. 

Mr. W. F. Steffens (New York Central): — For quite a number of years since I 
ceased to be a member of this Association, I have been constantly impressed with the 
fact that there should be a closer contact between the members of this Association, who 
represent the purely engineering side, and those who represent the insurance and fire pro- 
tection details of railroad practice. If ever that feeling was previously justified, it has 
been emphasized this morning by what I have heard from the Chairman of the Sub- 
Committee. There are viewpoints of their assignment that ought to be presented and 
written into your record. I have come here this morning at the solicitation of the Rail- 
way Fire Protection Association, inasmuch as a committee has been considering this mat- 
ter for sometime in that smaller organization. Their work should more and more be 
related to your work. Many of your men are interested in fire protection and fire pre- 
vention, and many of the railway fire prevention men are interested in the other branches 
of engineering, as you discuss it here. 

I was fortunate to be called to represent that organization with this Sub-Committee 
last October, and at that time thought that a final decision had been reached in all of 
these details. Since that time I have had practically no contact with the Committee ex- 
cept on a very personal basis, and now find that a very drastic revision has been made 
in the proposed regulations. I want to put into the record what may happen under 
certain circumstances. In saying this, bear in mind that some of my very dearest friends 
are connected with the oil and gas industry. My personal relations with them and those 
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of the companies that I represented have been, beyond question, on the most cordial 
basis. Occasionally we have had differences of engineering opinion as is incident to any 
conference of that nature, but on the whole these have always resulted in a satisfactory 
compromise, and maximum safety. 

When this matter became active several years ago it was stated that pipe lines had 
existed for many years in the United States, but in nearly all cases conveyed crude oil, 
quite a different substance than the highly volatile fluid represented by gasoline. This 
fluid is so well-known today that the phrase “familiarity breeds contempt” applies. In 
spite of the hazards of gasoline, the activities of fire prevention men of the railroads has 
reduced to a minimum the list of casualties due to gasoline, to a far greater extent than 
those due to careless smokers and other forms of carelessness. 

The matter of pipe lines, therefore, conveying fluids of this sort, even at low pres- 
sure, may well warrant some consideration, but when the pressures are increased as high 
as 800 pounds per square inch, it begins to be a subject that should be called to the 
attention of our executives. Ordinarily, a man connected with fire prevention work on 
any railroad has no authority. He can merely point out special hazards such as are now 
being discussed, and leave the decision as to disposition to his superior officers. That 
was exactly my position in the conference with your Sub-Committee, to which I have 
referred. 

To partly visualize the hazard of gasoline under high pressure, apply hydrostatic 
principles, 233-foot column of water for 100 pounds pressure, multiplied by eight, for a 
pressure of 200 pounds, and then apply the coefficient of 16 to 12, the ratio of gasoline 
to water, and note the resulting static head. This would be the condition at a railroad 
crossing for gasoline under pressure of 800 pounds per square inch. To further visualize 
the possible results, this height would be almost double the height of the tallest building 
in New York City. 

The President: — Mr. Steffens, if you will pardon me, we should be very glad to 
hear you, but we should like to know what is the objection to these specifications. 

Mr. W. F. Steffens: — ^Anticipating the possibility of a broken pipe line at or near 
a railroad crossing, we are justified in knowing how the flow in such event is going 
to be controlled. I have heard with amazement that control valves are to be eliminated 
from your proposed specifications. Undoubtedly the question of initial cost of valves 
is involved. If failure of such a line occurs, what protective steps are to be taken? It 
has been stated that a break would be noticed at the pumping plant, yet during a recent 
break in a pipe line flow of natural gas under high pressure continued for an hour after 
the break was noted. What might happen in case a gasoline line were broken must be 
recognized. The back flow from a broken line, for example 7,500 gallons Tp^f'inile from 
an eight-inch line, may reach railroad property, unless promptly controlled. 

Personally, I believe it is a mistake to revise the provision for control valves to such 
optional form as “where warranted by special conditions.” Definite control of pipe line 
hazards to railroad property by valves convenient to crossings, or through telephone 
communication to pumping plants, either or both, seem justified, as I stated to the Com- 
mittee at the meeting in October. These were originally written into the specifications, 
but have since been eliminated. One of the largest pipe line companies has a supervisory 
telephone line along its pipe line, and was willing to install an instrument in that line 
to comply with requirement for protection of railroad property, I believe that adequate 
protection should be provided before you adopt these specifications, and that the words 
where warranted by special conditions,” should be eliminated, even if it means another 
conference with the representatives of the oil industry. 
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Chairman C. W. Baldridge: Wt have had a good many conferences with the A.P.I, 
I think that most of our Engineers are convinced that the valves in the pipe line are 
specials. There are some situations where valves are required. I think we are con- 
vinced that there are numerous situations where valves are not required. The pipe line 
people say they are never required. We are very lucky to even have any mention of 
them in this and have their O.K. in any form at all. The new form here is not par- 
ticularly different from the other. Originally it stated, “Where local conditions warrant.” 
That has been changed to read: “Where warranted by special local conditions, which 
are mutually agreed to by the railway company and the pipe line company.” There is 
no difference in the meaning of the two wordings. It makes it just a little easier. The 
pipe line companies have to have an agreement anyway or they do not cross. That is 
the answer. If they do not like your agreement they do not cross, unless they are a 
common carrier, and then we have as much right as they have anyway. 

So far as telephones are concerned, that was discussed. That was first put in at 
the October meeting. The telephone provision was taken out at the meeting in Febru- 
ary because very few pipe line companies have telephones which follow the lines. Most 
of their lines, if they have them, follow the public highways, and they are just about 
as hard to get to as the public telephones. We felt justified in omitting that in order to 
get an agreement. I am quite certain that the language as here written is all that we 
can get and it is a lot more than the A.P.I. wanted us to have. Only this morning I got 
a letter from them, covering four mimeographed pages, on why they should not have 
valves in the pipe line, even after they have agreed to it. 

I should like to urge the adoption at this time by the Association of these specifi- 
cations as written. The A.P.I. wanted to put it over for another year. I want to see 
it go through, with the modifications they have agreed to. 

The President: — Does anyone else care to discuss this? 

Mr. W. F. Steffens: — ^Will you ask your Committee to please state to the Association 
what occurred at Catlettsburg, when a pipe line failed near a railroad, and what occurred 
recently when one of Mr. Simons’ main lines was out of business for twenty-four hours 
due to an oil line failure. 

Mr. P. T. Simons: — One failure of a pipe line carrying natural gas caused a delay of 
about twenty-four hours on the main line of the Missouri Pacific. That led to the 
adoption by the Missouri Pacific of the specification requiring the shutoff valves. That 
was one of the principal reasons for adopting that feature of the specification. 

It seemed to the Committee, as stated by Mr. Baldridge, that these valves should 
be left in, and they are being left in by this paragraph 7. 

Another point that Mr. Steffens touched on was the matter of pressure. That was 
discussed quite extensively in the Sub- Committee, but it got to be such a complicated 
matter that this Committee just could not handle it with any satisfaction at all, so we 
put in the first paragraph, the opening paragraph, the reference to the pressure, which is; 

“Pipe lines included under these specifications are those installed to carry oil, gas, 
gasoline or other inflammable or highly volatile substance, under pressure, or^ any sub- 
stance which from its nature or pressure might cause damage if escaping on or in vicinity 
of railway property.” 

We omitted any details with regard to the pressure feature. 

The President: — Does anybody else wish to discuss this subject? 

Mr. W. A. Radspinner (Chesapeake & Ohio):— We furnished the Committee with 
reports of explosions that we had had from the gasoline lines, one that had exploded 
under our track and one adjacent to our track. I think that, as Mr. Baldridge has said, 
the locating of the crossings on the railroad will have a good bit to do with that. The 
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objection that I had was to the vent pipe being a minimum of four feet. If you run 
that vent pipe four feet out of the ground, or even eight feet, along some of those branch 
lines in West Virginia, the natives will be sure to try to find out what is in it. If you 
cross the track at a place where it is not necessary to have that pipe vent, where the 
casing pipe is open at both ends, that objection can be eliminated. I think the railroad 
companies by selecting their crossing sites can control that difficulty. From my own 
standpoint of fire prevention I think the report is very good. 

The President: — Is there anybody else? Are you ready for the question? 

(The motion was put to a vote and carried.) 

The President: — Maybe that report took a great deal of time, but one of the remarks 
I made yesterday was in regard to the attacks made in Washington and elsewhere on the 
work we have done. This has been very valuable. 

Chairman C. W. Baldridge: — This completes the report of the Roadway Committee. 

The President: — Are there any questions you want to ask this Committee? If not, 
they are excused with the thanks of the Association (Applause)-. 


DISCUSSION ON BALLAST 

(For Report, see pp. 521-531) 

Mr. A. P. Crosley (Reading) : The report of Committee II — Ballast is found on 
page 521, Bulletin 352. 

The first subject is Revision of Manual. That subject will be submitted by the Sub- 
Committee handling Assignment No. 6, found in Appendix E. It will be taken up as 
we get to that assignment. 

The second assignment, Specifications for Prepared Gravel Ballast, will be found on 
page 522, and is a progress report. Unless there are some questions you want to ask on 
that we will pass over it. 

The third assignment is Specifications for Stone Ballast, and that is found on page 
526. The report will be submitted by Mr. Podmore, Chairman of the Sub-Committee. 

Mr. J. M. Podmore (New York Central): — Appendix B, Specifications for Stone 
Ballast, Including Best Method of Testing Resistance to Weathering, is found on page 
526. 

It is recommended that the report be received as information. 

The President:— As I understand it, the Modified Abrasion Test is also offered as 
information ? 

Mr. J. M. Podmore; — Yes, sir. 

The President: — Are there any questions or remarks? If not, it wiU be so received. 

Chairman A. P. Crosley: — The fourth subject, Comparative Costs of Maintaining 
Track on Various Kinds of Ballast, will be found in Appendix C, page 527, and the re- 
port will be submitted by Mr. Hubbard, Chairman of the Sub-Committee. 

Mr. Daniel Hubbard (Chesapeake & Ohio)-: — ^Your Committee for the last several 
years has submitted certain figures showing comparative costs on gravel and stone ballast 
sections. This year we have only been able to obtain comparative sections on one mile 
of track, and it is recommended that this information be accepted as a progress report. 

The President: — If there is no objection, it will be so received. 

Chairman A. P. Crosley: — ^The fifth subject. Effects of Different Kinds of Ballast 
on Life of Ties, etc., will be found on page 528 under Appendix D. The report will 
be submitted by Mr. Dunn, Chairman of the Sub -Committee. 

Mr. M. I. Dunn (Chesapeake & Ohio): — ^This is a new subject assigned this year. 
We have not put out any questionnaires to the Association as a whole, but we have had 
the benefit of a good many opinions and letters from representative members of the 
Association. The information that we have prepared is submitted as information only 
at this time and we desire that it be so accepted. 

The President: — Is there any member who would like to ask Mr. Dunn any ques- 
tions? If not, the report will be received as information. 

Chairman A. P. Crosley: — ^The sixth subject, Determine Proper Depth and Kind of 
Sub-Ballast, will be found in Appendix E, page 530. This will be submitted by Mr. 
Kennedy, Chairman of the Sub-Committee. 

Mr. A. D. Kennedy (Santa Fe) :— In the first place, there is a typographical omission 
in the second paragraph. In the fifth line, between the words “of” and “certain,” the 
following words should be inserted: “the various materials used for sub-ballast except 
that within.” I am going to read the paragraph as it should be, with the correction: 
“From the replies received, the Committee concludes that many materials such as stone 
screenings, pit-run gravel, cinders, slag, sand, etc., are used for sub-ballast with satis- 
factory results, and that, undoubtedly, the availability of supply generally determines both 
the depth and kind of material to use. Therefore, no recommendation is being made 
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regarding the relative merits of the various materials used for sub-ballast except that 
within certain limits, materials of smaller aggregates are to be preferred, for such ma- 
terials have 3 greater tendency to prevent roadbed materials working up into the top- 
ballast, which is one of the principal functions of a sub-ballast.” 

The conclusions of the Committee are based on replies received to a questionnaire, 
the details of which were given in last yearns Bulletin, These replies were rather indefi- 
nite and general in character. The Committee can only make a general conclusion, which 
is that conditions determine the depth of sub-ballast and that the availability deter- 
mines the kind. Of course, the ratio between the top-ballast and the sub-ballast is to 
be determined by governing local conditions. 

In considering this subject, the Committee thinks it advisable to recommend certain 
revisions in the 1929 Manual. The first of these is the definition of sub-ballast. The 
Committee is of the opinion that it should be brought out more clearly that the sub- 
ballast is really a part of the ballast section, and with that in view I move that the 
present definition of “Sub-Ballast”, now appearing on page 93 of the 1929 Manual, 
which reads: “Any material of a superior character which is spread on the finished sub- 
grade of the roadbed and below the top-ballast to provide better drainage, prevent up- 
heaval by frost and better distribute the load over the roadbed,” be changed to read: 
“That portion of the ballast next to the subgrade— a strata of material superior in char- 
acter to that in the subgrade and placed next to it to give a better foundation for the 
top-baUast; provide better drainage and a more uniform distribution of the load over 
the roadbed, acting as a cushion between the top-ballast and the roadbed, thereby retard- 
ing the action of the roadbed material from working up into the top-ballast.” 

Mr. Robert H. Ford (Rock Island):— I have read this report with a great deal of 
interest and the suggestions I have to make may perhaps be more properly addressed 
to the Board than to the Committee. 

I have been able to follow the Committee on the text but not on the result of their 
conclusions. The proper depth of ballast has been stated as 24 inches. Proper depth 
of ballast depends upon physical conditions and operating requirements and cannot be 
thus stated arbitrarily. 

While a definite depth of ballast cannot be stated except in general terms, never- 
theless the Committee can greatly aid the Association if they would report the funda- 
mentals by which the proper depth of ballast may be determined. They can also show 
what would be the proper depth of ballast under certain empirical conditions, taken from 
actual examples of various classes of track under known conditions. 

•The President: — In view of Mr. Ford’s remarks, Mr. Crosley, do you still want to 
carry this through as Recommended Practice for the Manual, as the Sub-Committee has 
recommended ? 

Chairman A. P. Crosley: — Mr. President, I understand that Mr. Ford is dealing 
more with the recommendations which we have included further on in the report but 
which have not been presented formally before the convention. What we have included 
in the motion at the present time is the change of definition of Sub-ballast, which does 
not carry with it any recommendation for depth at all. The question of depth is in- 
cluded in a second recommendation and which we have not presented at the present time. 
What we have asked for is approval of the recommendation for the change in the defi- 
nition of Sub-ballast only. That is the only motion that is before the house at the 
present time. 

In the present definition of sub-ballast as appearing in the 1929 Manual, there is no 
depth given. The same applies in the suggested definition, namely that we are not sug- 
gesting that the depth be included in the definition. 



Discussion 


837 


Mr. Robert H. Ford: If this is a fact, it would, I am sure, justify the Committee 
in withdrawing the subject for further study. 

There is a great deal of additional data available on the subject which may not have 
come to the attention of the Committee. This includes, among others, your own paper, 
Mr. Chairman, presented last year before the Maintenance of Way Association of 
Chicago. 

The President; — Is there anyone else who wishes to offer discussion on this? 

Mr. E. R. Lewis (Micliigan Central) On this point I desire to support Mr. Ford’s 
contention. There are other things in this report that make me wish we might defer 
including it in the Manual. I think the definition of sub-ballast in several ways could be 
modified to ultimate advantage. 

The President:— Anybody else? Mr. Crosley, the Chairman, feels that we should 
ascertain what the Association wants. Are you ready for the question? All in favor 
will say “aye”; contrary, “no.”. I don’t know how the Democrats and Republicans are 
voting. Now, all those in favor will say “aye”; contrary, “no.” 

Mr. Robert H. Ford: — I doubt if the motion is understood. 

The President: — ^Will you repeat the motion? 

Chairman A. P. Crosley: — ^The motion made and seconded before was that the 
definition of Sub-Ballast, as appearing on page 531 of Bulletin 352, be changed to read as 
shown on that page. 

Mr. Robert H. Ford: — I move to amend, by adding that this subject be referred 
back to the Committee for further study and report next year. 

Mr. E. R. Lewis: — I second the motion. 

The President: — ^We will vote on the amendment of Mr. Ford, that this be referred 
back to the Committee for consideration and report next year. Do you all understand 
that amendment? All in favor will say “aye”; contrary, “no.” All those in favor will 
hold up their hands. Now those opposed. The “noes” have it. The amendment is lost. 

Now we will vote on the original motion for adoption and inclusion in the Manual. 
All in favor will say “aye”; contrary, “no.” The “ayes” have it and the motion is car- 
ried. 

Mr. A. D. Kennedy: — In view of the discussion regarding this motion, the Committee 
desires to not submit the other changes and it will take them back for further consider- 
ation next year. 

I want to make one more remark. On the questionnaire that was submitted to the 
railroads regarding how to determine the proper depth and kind of sub-ballast, I wish 
to emphasize that the replies to the questionnaire were very indefinite and the Committee 
was unable to come to any definite conclusion. If the Committee is to make a further 
report in a more definite manner, then it certainly must have the cooperation of mem- 
bers of the Association. 

Mr. Robert H. Ford: — ^I shall be glad to be of service to the Committee and am 
hopeful that this discussion will result in constructive suggestions from the Association. 
Members with practical experience or with scientific knowledge on this subject, owe it to 
the Committee to aid in every way possible, because after all, these subjects have a direct 
relation to greater economy and efficiency in maintenance, with corresponding decreases 
in the cost of railway operation, and these are matters in which we are aU especially 
interested at this time. 

Past-President Edwin F. Wendt: — I endorse what Mr. Wiltsee said this morning in 
connection with the report of the Committee on Roadway. His remark is equally appli- 
cable to the work of this Committee. The point I wish to make is this: I hope that 
the Committee will hold that ballast is ballast, whether it is sub-ballast or called by some 
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other name. The danger is that the public may get the idea that sub-ballast is not bal- 
last. Personally, I hold that sub-ballast is ballast. 

The President:— In this connection, I hope that this Committee does not have any 
ill feeling toward me, but I threw Committees I and II together in my suggestion so that 
they could coordinate and cooperate. I don’t believe half of us realize and appreciate 
what the proper cross-section of our railroads mean, with its sub-ballast and its proper 
ballast, whatever names you care to use. I am glad that Mr. Ford brought that out. 
We had an interesting report a year or so ago. I happened to be out in the hall and saw 
the sign “Ballast” up there. I said, “That is all right; I will speak on Ballast.” I am going 
to tell you that I am “hipped” on ballast — ^the preferred ballast. What I mean by pre- 
ferred baUast is the proper ballast for the service conditions. That has been brought out 
very clearly in the past two years by Dr. Talbot in his reports and on the slides, where 
he showed that the proper ballast and the proper depth of ballast is as essential as the 
rail itself. 

I want to thank this Committee for their good work, and they are now excused with 
the thanks of the Association (Applause) . 


DISCUSSION ON TRACK 

(For Report, see pp. 491-520) 

Mr. C. J. Geyer (Chesapeake & Ohio) : — ^The report of Committee V — Track, is 
presented in Bulletin 3S2, pages 491 to S20, inclusive. Some of the recommendations for 
Revision of the Manual are contingent on approval of other plans to be presented in 
Sub-Committee reports. If there is no objection, I will first present the Sub-Committee 
reports and handle Appendix A last. 

The President: — ^There is no objection at all. 

Vice-Chairman C, J. Geyer: — The Committee reports progress on Subject 1-A, Ap- 
pendix B, Specifications for Soft Steel Track Spikes; Subject 6, Corrosion of Rail and 
Fastenings in Tunnels; Subject 8, Effect of Existing Materials in Track on the Design 
of Tie Plates and Punching Thereof; Subject 11, Appendix L, Desirable Tightness of 
Track Joints; Subject 12, Appendix M, Reclamation of Serviceable Materials from 
Scrap and Retired Maintenance of Way and Structure Machines, Tools and Appliances. 

Subject 2, Appendix C, will be presented by Mr. C. W. Breed, Chairman of the 
Sub-Committee. I believe Mr. Breed is absent, so I will ask Mr. Hogan, a member of 
the Committee, to present this report. 

Mr. J. E. Hogan (Chesapeake & Ohio): — ^Your Committee’s report on this subject 
is contained in Bulletin 352, pages 493 to 508. This report is submitted just as infor- 
mation and we recommend that the subject be continued further. 

The President: — ^This Sub-Committee has sent out several questionnaires in regard 
to checking up on this matter on lining of curves and they would appreciate it very 
much if you would reply to their questionnaire and give them such information so that 
they can come to some conclusions. Thank you, Mr. Hogan. 

Vice-Chairman C. J. Geyer: — Subject 3, Appendix D, will be presented by Mr, G, M. 
Strachan, Chairman of the Sub-Committee. 

Mr. G. M. Strachan (Santa Fe): — Appendix D, page 508, covers Plans and Specifi- 
cations for Track Tools. 

(Mr. Strachan read the report as shown on page 508, Bulletin 352, including the 
Conclusions.) 

Mr. G. M. Strachan : — 1 move its adoption. 
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The President: I assume that the tool manufacturers have been considered in this? 

Mr. G. M. Strachan:— Yes, they have been consulted. 

(The motion was put to a vote and carried.) 

Vice-Chairman C. J. Geyer:— Subject 4, Appendix E, will be presented by Mr. O F. 
Harting, Chairman of the Sub-Committee. 

Mr. 0. F. Hartiog (Terminal Railroad Association of St. Louis) The report of 
this Sub-Committee is found on page 510. The assignment is Plans for Switches, Frogs, 
Crossings, Slip Switches, Etc, 

The plan presented in this Appendix, and the Revision of the Manual in Appendix 
A coming under this subject, were prepared by this Sub-Committee in conference wdt'h 
the Standardization Committee of the Manganese Track Society. 

The Committee presents at this time, for adoption as recommended practice, Plan 
No. 600- A, showing the application of wing wheel risers to manganese steel frogs, rail- 
bound, solid and self-guarded. This feature for manganese steel frogs is now in general 
use and the plan was prepared to assure uniform practice, when wing wheel risers are 
wanted. 

These wing wheel risers elevate the wheels and prevent damage from unduly striking 
the point of the frog. 

The Committee recommends that Plan No. 600-A, dated September, 1932, entitled 
A,R.E.A. Application of Wing Wheel Risers to Manganese Steel Frogs Railbound, Solid 
and Solid Self-Guarded, be adopted as recommended practice and printed in the Man- 
ual. I so move, Mr. President. 

(The motion was put to vote and carried.) 

Mr. 0. F. Harting: — Some of the railways have experienced broken switch points 
made of rolled manganese steel rails, due to the progression of incipient cracks at the 
bolt holes. Tests made by the Lorain Steel Company and the Bethlehem Steel Com- 
pany indicate that the holes should be drilled and not punched and that the burrs 
should be removed by grinding. 

The Committee therefore offers as information the foDowing recommendation: 

“That the bolt holes in switch points made of rolled manganese steel rails be drilled 
and not punched and that the burrs be removed by grinding.” 

The President: — If there is no objection, it will be so received. 

Vice-Chairman C. J. Geyer;— Subject 5, Appendix F, will be presented by Mr. E. 
W. Caruthers. 

Mr. E. W. Caruthers (Pennsylvania) : — ^In connection with the assignment of Track 
Construction in Paved Streets, Plans 987, “Straight Double Tongue Switches for Engine 
Wheel Base not over 14 ft. 6 in. for Use in Paved Streets,” and 988, “Straight Double 
Tongue Switches for Engine Wheel Base over 14 ft. 6 in., but not exceeding 19 ft. 0 in. 
for Use in Paved Streets,” were offered at the convention in 1932 for information. No 
adverse comments have been received and your Committee now wishes to offer the plans 
tor adoption as Recommended Practice. 

These plans have been prepared in conference with the Manganese Track Society, 
and embody the general details of design, and are interchangeable with switches of this 
type now in use by some railroads. 

Conclusions: The Committee recommends that Plans 987, “Straight Double Tongue 
Switche.s for Engine Wheel Base not over 14 ft. 6 in. for Use in Paved Streets,” dated 
November, 1931, and 988, “Straight Double Tongue Switches for Engine Wheel Base 
over 14 ft. 6 in., but not exceeding 19 ft. 0 in. for Use in Paved Streets,” dated Novem- 
ber, 1931, be adopted as Recommended Practice and printed in the Manual. 

I so move. 
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The President:— Is there any discussion? 

(The motion was put to vote and carried.) 

Vice-Chairman C. J. Geyer:— Subject 7, Appendix H, is Gage of Track and Eleva- 
tion of Curves with Reference to the Use of Roller Bearings on Railway Equipment, 
collaborating with the Mechanical Division, A.R.A. Mr. C. W. Breed is Chairman of 
that Sub-Committee; he is absent. This is offered as information and is reported on 
page 511. The conclusions are; 

“There is no different problem in the selection of the proper elevation for curves 
over which it is desired to operate railway equipment using roller bearings than is pres- 
ent if equipment is supplied with ordinary bearings.” 

This is an information report and the subject will be continued. 

The President: — If there is no objection, the report will be so received. 

Vice-Chairman C. J. Geyer:— Subject 9, Appendix J, starting on page 512, reads: 
Practicability of Using Reflex Units for Switch Lamps and Targets, I believe Mr. 
Myers, Chairman of the Sub- Committee, is absent. This report is presented as infor- 
mation and the subject will be continued. 

The President; — If there is no discussion or objection the report will be received as 
information. 

Vice-Chairman C. J. Geyer: — Subject 10, Appendix K, will be presented by the 
Chairman of the Sub-Committee, Col. W. G. Arn. 

Col. W. G. Arn (Illinois Central) ; — The subject is “Selective Welding Up at Joints, 
Instead of Welding Out of Face.” The detailed information obtained from the ques- 
tionnaire is given on pages 515 to 518, inclusive. Bulletin 352. 

To summarize this information, I will state that two processes are in somewhat gen- 
eral use, the oxy-acetylene process and the electric process. The oxy-acetylene process 
has been in use either for long periods of time or on an extensive scale on about twenty- 
nine systems. The method of determining when rail ends should be built up varies 
widely, from a minimum of ,03 in. up to a maximum of 3/32 in. 

One of the questions in the questionnaire was: “If you use both ‘out-of-face’ and 
‘selective’ building up of rail ends, what determines which method to be used in each 
location?” Many of the replies to this question were the same as to Question No. 3, the 
question apparently not being understood. Of those who replied, one builds up out-of- 
face when 40 per cent have reached the allowable limit of wear, two when more than 
50 per cent of the rail ends have reached the allowable limit of wear. One uses the out- 
of-face' method on the low side of the curve only, one (uses the out-of-face method) 
when practically all rail ends are worn to the established limit of wear. 

The selective method is employed by one company principally in yards and on the 
low side of curves, by one company in yards and terminals only, by another only on 
curves and in special cases, such as washout or slide territory. Two companies use the 
selective method only to a limited extent for the worst joints until the territory is ready 
for the out-of-face method, one company only on comparatively new rail when there 
is considerable chipping, and also to harden ends of soft rail. Two other companies use 
it only in special cases. 

(Col. Arn presented Appendix K in detail, starting with the third paragraph on page 
516 of Bulletin 352 and continuing through the Conclusions on page 518.)- 

Col. W. G. Arn: — ^This is a progress report and is offered as information. 

The President: — ^If there is no objection, the report will be so received. In regard 
to heating rail ends, I think you wiE find the Rail Committee dealing with that subject 
The Track Committee will coUaborate with them. 
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Vice-Chairman C. J. Geyer: Subject 13, Appendix N, covering Standard Wheel 
Flanges, Treads and Gages, appears beginning on page 519. This subject has been 
under discussion for several years, and at the last convention Plan No. 790, dated Sept- 
ember 1931, was presented with the view of offering it for adoption, but the discussion in 
the Committee just prior to the presentation of the report developed the advisability of 
some changes and it was offered as information only. This plan has now been revised 
and amplified for clarity, and to more comprehensively cover the subject. 

The data collected and field measurements taken on this subject and references to 
conferences held are outlined in the Committee’s report for last year, published in the 
1932 Proceedings, Vol. 33, page 586, and discussions on the subject will be found on 
pages 818 and 819 in the 1932 Proceedings. The data already presented will not be 
repeated here, but the following summary is now submitted. 

“With 4 ft. in. gage and 1^ in. flangeways the clearance for cast chilled wheels 
and for large-flange locomotive wheels is approximately ^ in. on the gage side and 
practically nothing on the guard side, especially when wheels are tread worn. The plan 
now presented recommends, for new work, flangeways, 1 % in. wide, with tolerances 
nothing over and 1/16 in. under, and maximum guard face gage in crossings 4 ft. 4]4 
in. For maintenance the frog and crossing limit gage as outlined is recommended. 

“This subject u now considered more important than heretofore, because heavier 
rails and more rigid track structures are now used, particularly in new work. In lighter 
rail work and in worn track there is a degree of flexibility, which cannot be counted 
upon in new heavy-rail trackwork of rigid construction. Furthermore, the elimination 
of track distortion will add to the life of trackwork fixtures; consequently there should be 
a considerable saving in maintenance costs with track maintained within the limits speci- 
fied on the plan now presented. 

“Revision of existing frog and crossing plans, to conform to Plan No. 790, are out- 
lined in 1933 Index Supplement, pages 4, 5 and 6, presented in Appendix A. If these 
revisions are approved, it is the intention to incorporate them on the plans affected, 
thereby avoiding confusion by making it unnecessary to refer to the Index Supplement 
for the revisions specified. 

“Conclusions: The Committee recommends that Plan No. 790, dated Revised 
November 1932, A.R.E.A. Data for Gages and Flangeways at Frogs and Crossings, show- 
ing Limits where Gage is not Widened for Curvature, submitted herewith, be adopted as 
Recommended Practice and printed in the Manual.” 

I so move. 

The President: — Is there any discussion? 

(The motion was put to vote and carried.) 

The President: — This is the first time you have had any track plans or any formulas 
in regard to tolerances on track construction. This is a subject that has been the sub- 
ject of discussion between the Mechanical Division of the A.R.A. and the Track Com- 
mittee. 

Vice-Chairman C. J. Geyer: — I might say that in the development of this plan and 
the recommendation you have just adopted the Committee is deeply indebted for the 
helpful cooperation of the Mechanical Division of the A.RA. and the Association of 
Manufacturers of Chilled Car Wheels, and particularly to Mr. F. K. Vial, Vice-President 
of the Griffin Wheel Company. 

The recommendations for Revision of the Manual appear under Appendix A, be- 
ginning on page 492. 

The Committee recommends the revision of the Index and Index Supplement to the 
A.R.E.A. Trackwork Plans and Specifications, pages 1, 2, 3 and 4, dated 1932, by the 
substitution of a revised Index and Index Supplement dated 1933, pages 1, 2, 3, 4, 5 and 
6, listing existant plans and specifications and including the new plans presented herewith. 

The revised sheets immediately follow page 520. 
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Pages 4, 5 and 6 (the Index Supplement) describe revisions to the plans which are 
identified on Index pages 1, 2 and 3 by the letter “x” following the serial number. 

The revisions of the Index Supplement consist of the following additions: 

Notes for plans of frogs, crossings and guard rails to make said plans consistent 
with Plan No. 790, which is now being offered for Recommended Practice in Appendix 
N and shows a standard width of flangeway of V/s in.; Plan No. 790 also makes neces- 
sary revision of paragraph 33 of Appendix B and of the definition Flangeway 
Width ” in Appendix C of the A.R.E.A. Specifications for Switches, Frogs, Crossings and 
Guard Rails. 

Notes for plans of manganese steel frogs, solid and self-guarded, for laying out 
flange ways wider than 1^ in. 

Notes for other plans to make them consistent with recently adopted plans and to 
make minor corrections. 

Attention is also called to revision in length of tongue switches for paved streets, as 
specified in revised Index Supplement in reference to Plans 980 and 982. 

The Committee also recommends that Plan No. 11— Claw Bar, adopted by the 
Association in 1930, be withdrawn from the Manual and that Plan No. 11, dated Septem- 
ber 1932, be substituted therefor. The new plan does not change the Claw Bar now 
appearing in the Manual, but does show an alternate in addition to the approved design.” 

I move the adoption of Appendix A. 

The President: — It has been moved and seconded that we adopt these revisions in 
Appendix A, which practically brings the Appendix and Index up to date. Are there 
any questions? 

(The motion was put to vote and carried.) 

Vice-Chairman C. J. Geyer:— Appendix 0, Subject 14, will be presented by Colonel 
Arn, Chairman of the Sub-Committee. 

Col. W. G. Am (Illinois Central) : — ^You will find this report in full on page 302 of 
Bulletin 352, The Mechanical Sub-Committee referred to made an additional check 
showing considerable improvement in the maintenance of brine retaining devices on cars 
that were so equipped, as follows: In 1928 they inspected 493 cars and found 
61.3 per cent defective; in 1932 they made a check of 536 cars and found only 30.4 per 
cent defective. 

The Mechanical Division Sub-Committee reported that there are about 160,000 of 
the open-bunker type of cars used mainly for fruit and vegetables on which there is no 
device for retaining the water from melted ice. Of the open-bunker type of cars, how- 
ever, only about 2 per cent at any one time are actually dripping brine. In these cars 
the amount of salt varies from 3 per cent to 15 per cent of the amount of ice. They 
estimate that it will cost about $300 per car to equip them with retaining devices, or, for 
that number of cars, a total of $48,000,000. However, we estimate the damage due to 
brine drippings annually at about $2,100,000, which would, capitalized at 5 per cent, 
equal $42,000,000, indicating that the expense of equipping these cars would not be jus- 
tified, particularly as these cars are responsible for only a part of the brine dripping, and 
probably a minor part. Defective apparatus on brine retaining cars probably accounts 
for the bulk of the drippings. If their expense is estimated 100 per cent too high, or if 
our estimate of the damage is too low, accounting for SO per cent either way, the saving 
would be only 9 per cent, and no railroad is investing to save 9 per cent these days. 
That is a progress report. 

Vice-Chairman C. J. Geyer: — ^That concludes our report. 
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The President:— Are there any questions to be asked? I have been with this Com- 
mittee for a good many years and I don’t know whether it would be proper for me to 
say what I should like to say. However, since I am going out as President of this 
Association this afternoon, I should like to say to you how I feel about this. This 
Committee has been outstanding in the past. It has done good work and it is doing 
good work now, and it always will. It is excused with the thanks of the Association 
(Applause)'. 


DISCUSSION ON TIES 

(For Report, see pp. 323-353) 

Mr, W. J. Burton (Missouri Pacific) This report is contained in Bulletin 351. In 
order to save time, I am not going to call on Chairmen of Sub -Committees who merely 
report progress but I will call on those who have material to report. 

The first subject is reported on page 324, Adherence to Standard Specifications for 
Cross-Ties, and Mr. Foley, Chairman of the Sub-Committee, will present this report. 

Mr. John Foley (Pennsylvania) On page 324 you will find the report on Adher- 
ence to Standard Specifications for Cross-Ties. Not many ties were purchased during 
1932. The few that were taken up represent quality that we consider in accordance 
with the standard. The Committee would like to call attention to the danger that exists 
in accepting, when purchases are renewed, ties which have been manufactured so long 
that they have deteriorated. The Committee is glad to report that another railroad 
joined the many that are using the standard specifications. There are now only a very 
few railroads non-standard. 

The President: — ^That report is presented as information? 

Mr. John Foley (Pennsylvania): — Yes, sir. 

The President: — If there is no objection, it will be received as information. 

Chairman W. J. Burton: — ^The next subject is reported on page 324. For more 
than twenty years the Committee have been annually reporting the results with so-called 
substitute ties. The report this year is merely a continuation of a subject which twenty 
years ago was more or less alive but which is today not quite so alive. 

Attention is called to the summary of the tests which have been made up to date, 
beginning with 1878, which is found on page 329. This represents considerable work on 
the part of the Sub-Committee. 

This report on the subject, Substitute Ties, is merely given in response to the in- 
struction to the Committee to report on the subject and is offered for information. 

The next subject assigned is reported on page 332. Owing to the makeup of the 
Bulletin, there may be some little confusion, as on the same page there is the beginning 
of the next subject before Subject No. 4 is completed. 

This Subject No. 4 covers the report of statistics of tie renewals on all Class I roads 
in the United States and the major ones in Canada. This is the fifth year in which the 
Committee has reported on this subject in the present form, and, as announced when 
the statistics were first originated, the Committee have now compiled five-year averages. 
These five-year averages will be found in Table C, beginning on page 343. 

The Committee wish particularly to call attention to figures given in Tables A and 
B relating to the traffic of the roads. In Table B, Column 9, will be found a density 
of traffic figures for each railroad, which represents the equated gross ton miles per 
mile of maintained track. This figure, it is believed by the Committee, will be found 
quite useful in studies of subjects other than Ties. 
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President Neubert has called my attention to the change in method of getting out 
this information, which will be effective this year. The figures in this table as now 
presented represent the year 1931. There has been a considerable lag between the time 
the statistics are prepared and the time they are published. It is now proposed to pub- 
lish these in the first Bulletin each year so that they will be available much earlier in 
the year. 

One point that will be found of interest by those who study these renewal statistics, 
and which almost warrant a general statement, is that the better the tie, as measured 
by the higher price or the higher cost, the lower will be the total tie cost per maintained 
mile. This general statement is not quite true but it is so nearly true that it should be 
food for serious thought by those who have tie policies and tie practices under their 
jurisdictions. The roads which pay the most per tie, speaking generally, have the lowest 
costs per maintained mile. 

The next subject is also started on page 332, Method of Proper Comparison of 
Renewal Costs per Mile Maintained, with Adjustment for Variables such as Traffic 
Density, Rate of Installation of Treated Ties, etc. 

This report will be presented by the Chairman of the Sub-Committee, Mr. S. E. 
Shoup. 

Mr. S. E. Shoup (Kansas City Southern): — Statistics, as such, which are not thor- 
oughly understood or digested may oftentimes be misleading rather than helpful. The 
object of the Sub-Committee was to explain the variables which had to be taken into 
account in the study of the tables Mr. Burton has just referred to, submitted by the 
Sub-Committee on Subject No. 4. That Sub-Committee has presented information on 
traffic density, number of ties in the track, rate of installation of treated ties, and so 
forth, which will be found valuable in making satisfactory comparisons, providing the 
variables called attention to in this report are given proper weight. 

It was the hope of the Committee when we started on this subject to present a 
more or less mathematical determination. That was found hopeless. A series of tests 
by trial and error clearly precluded the presentation of any such formula in mathematical 
form. Thank you. 

This is presented as information. 

The President: — If there is no objection, it will be so received. 

In connection with the remark that Mr. Burton made a few minutes ago in regard 
to the highest priced tie, I believe that he meant also in using that expression that a 
higher quality or a better quality of tie produces the least cost. In that same connec- 
tion, I had to analyze certain figures on a certain property. I found that we were using 
a cheap tie, but the proportion of cost in the tie account was higher than that of 
another railroad that was using a higher priced and a better quality of tie. I believe 
that is what he meant. 

Chairman W. J. Burton:— Yes, sir. I intended to mean that quality and price, 
generally speaking, go together. 

The next subject is found on page 348. This is merely a progress report of a Com- 
mittee which has already done a large amount of work but which is not yet ready for 
presentation. 

The next subject, Most Economical Method of Distributing Ties from Treating 
Plants to Points where they are to be Used, will be reported on by Mr. Duncan, Chair- 
man of the Sub-Committee. 

Mr. H. R. Duncan (Chicago, Burlington & Quincy) .-—When your Committee first 
considered this subject they had in mind that they would be able to make a recom- 
mendation that could be followed by all railroads. After going into it in considerable 
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detail, we determined that what might be the answer for one railroad would not be 
satisfactory for others. There are several factors that must be taken into consideration 
before a method can be decided upon for any individual railroad. There is the question 
of the location of the treating plant, the movement of the equipment, light or backhaul 
of equipment for the loading, the distance from the treating plant. 

As the conditions vary so greatly as between different locations, your Committee has 
found it impossible to recommend any one practice as being superior and, therefore, has 
endeavored to list some factors that must be given consideration in determining the 
method to be followed in distributing ties from treating plants to points where they are 
to be used. It is the conclusion that a careful study should be made by all departments 
concerned to determine the best method of distributing ties from any individual treat- 
ing plant. 

Those factors have been listed in the report. I will not take the time to read the 
entire report. This report is presented as information. 

The President:— If there is no objection, it will be so received. 

Chairman W. J. Burton: — ^The next subject is one on which the Committee also 
reports progress. I will not take time to go into it more than to say about every ten 
years the Committee has reported on the best renewal practices with the idea of keeping 
up with changing conditions from time to time. This report is now in process of prep- 
aration and will be ready sometime during the year. 

The next subject, Economics of the Use of 8-Foot 6-Inch and 9-Foot Ties as Com- 
pared with 8-Foot Ties, is also one that is at present under investigation. During the 
coming year the Committee expects to originate certain service tests in such a way as 
to obtain a result as quickly as possible and the report now is awaiting the results of those 
tests. During the last year conditions have not been favorable for such tests. 

The last subject, No. 10, found on page 352, Economical Uses for Old Ties which 
must be Removed from Track and Bridges — ^A, Treated; B, Untreated, prior to their 
having served their full life as cross-ties, will be reported on by the Chairman, Mr. 
Clarke. 

Mr. H. R. Clarke (Chicago, Burlington & Quincy) The report of Sub-Committee 
No. 10, Economical Uses for Old Ties which must be Removed from Track and Bridges 
—A, Treated; B, Untreated, is found on pages 352 and 353 of Bulletin 351. The eco- 
nomical use that may be made of both bridge and track ties, either treated or untreated, 
that have for some reason been removed from their original location while still suitable 
for some further use, depends entirely on the condition of the tie so removed. 

The Committee calls attention to the opinion expressed that the greatest economy 
can be realized by leaving a tie in the original location until no further service can be 
had from it, but since conditions develop which make premature removal necessary the 
Committee suggests uses that may be made to advantage of such ties. 

Attention is directed to the last paragraph of the report and we stress the need 
for careful study and analysis of the labor cost involved in reuse of old ties, comparing 
the service that may be reasonably expected from old ties with the almost certain results 
that would be secured from new ties, the labor involved in handling and use being about 
the same in each case. The report is submitted as information. 

The President:— If there are no questions, it will be so received. 

That completes the report on Ties. Are there any questions? There is an expres- 
sion, “A track is as good as its ties,” that acknowledges this Committee’s work. They 
are excused with the thanks of the Association (Applause). 



DISCUSSION ON WOOD PRESERVATION 

(For Report, see pp. 421-489) 

Mr. F. C. Shepherd (Boston & Maine):— The report of Committee XVII— Wood 
Preservation, is shown on page 421 of Bulletin 352. On page 422, under Appendix A, 
is the report of the Sub-Committee on Revision of Manual, this report being in two parts. 
Part 1 submits a table giving Temperatures at Which Fractions should be Cut to Correct 
Distillation Temperatures for Different Altitudes. This has been produced as a result 
of the serious differences in results encountered when creosote is distilled at localities 
differing widely in altitude. 

I move that this be accepted for printing in the Manual. 

(The motion was put to a vote and carried.) 

Chairman F. C. Shepherd:— The second part covers, on pages 424 to 427, tables pre- 
pared by a Joint Committee composed of representatives of the American Wood Preserv- 
ers’ Association, the American Railway Engineering Association, and the American Society 
for Testing Materials, in cooperation with the Bureau of Standards, this being an endeavor 
to develop suitable correction factors for the changes in the volume and specific gravity 
of creosote oil with temperature, all of this work having been done at the Bureau of 
Standards. 

I move that this be adopted for printing in the Manual. 

(The motion was regularly seconded.) 

The President: — Is there any discussion? Are there any remarks? 

(The motion was put to a vote and carried.) 

Chairman F. C. Shepherd: — On page 427, Appendix B, are given the Service Test 
Records for Treated Ties. This contains the table of tie renewals per mile maintained 
on various railroads, revised to include the year 1931. This report also gives results of 
special test tracks on the B. & 0., C. B. & Q., C. R. I. & P., Great Northern, Union 
Pacific, and the City of Minneapolis Filtration Plant Railway. There is also shown on 
page 427 the results of a questionnaire relative to the adzing and boring of ties before 
treatment. 

There is one correction on this report. The Santa Fe began adzing and boring in 
1911. 

This report is furnished as information. 

The President:— If there is no objection it will be so received. 

Chairman F. C. Shepherd: — On page 439, Appendix C, is the report of the Sub- 
Committee on Piling Used for Marine Construction. This report gives the present con- 
dition of the long-time test pieces in its charge, together with such other pertinent infor- 
mation as has been brought to the Committee’s attention. 

Also this Committee gives on page 451 the 1932 Report on Test Piles on the Pacific 
Coast. This report is tendered for information. 

The President: — ^If there is no objection is will be so received. 

Chairman F. C. Shepherd: — On page 455, under Appendix D, a report is given by the 
Sub-Committee on Specifications for Treatment of Air-Seasoned Douglas Fir. This is 
one of the most important subjects recently assigned to this Committee and the Sub- 
Committee has done splendid and able work for several years. The report gives the 
result of a long series of very important tests and at the end submits a general prelimi- 
nary specification. 

If there are any questions to be asked relative to this report, Mr. Belcher, Chairman 
of the Sub-Committee, would be glad to answer them, it being the hope of the Com- 
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mittee that we will receive some very constructive, cooperative criticism and thus be 
able to bring in a final report in another year. 

The President: Does anyone wish to ask Mr. Belcher any questions? If not, the 
report will be so received. 

Chairman F. C. Shepherd:— On page 482, under Appendix E, is the report of the 
Sub-Committee on Destruction by Termite and Possible Ways of Prevention. I am sure 
Dr. von Schrenk would be glad to give a short statement in explanation of our Sub-Com- 
mittee’s report. 

Dr. Hermann von Schrenk (Consulting Timber Engineer) The report really speaks 
for itself. It is simply a continuation of the type of work which the Committee has been 
doing during past years in connection with the investigation dealing with termite. You 
will note also that we have included this year, at the bottom of page 483, some notes on 
the wharf borer. 

The Committee wants to point out that although we have included this in the report 
on termites, the wharf borer is not a termite but belongs to a very much higher group 
of insects. The reason for including notes on this organism this year is that it apparently 
had made its appearance in a great many of our harbors. Its actions are still rather 
mysterious. We have given on page 484 a picture of the creature as it appears in creo- 
soted and untreated piling of wharves on the Gulf and Pacific Coasts, with the idea 
that we would appreciate very much any information which might be transmitted to us 
by anybody, not only as to the occurrence of these organisms but a detailed statement 
as to the damage they have done. 

We hope next year to have a progress report on preventive measures which we have 
indicated in the report this year. 

The President: — Doctor, in a few words would you mind telling us the high spots 
in connection with that fine movie that was presented in New York several months ago? 

Dr. Hermann von Schrenk: — At the meeting of the American Society for Testing 
Materials, held in New York the latter part of December, we were able to secure a 
very good moving picture film which had been prepared by the associated tar distillers 
of the various European countries. Owing to the length of that film we regret very 
much that it did not seem opportune to present it here. That film was remarkable, 
particularly the section of it prepared by the German UFA Company, in which they had 
taken underwater moving pictures of marine borers, particularly of two species. They 
also secured a number of very good moving pictures of various termites and other insect 
destruction of living trees as well as structural materials. The particularly interesting 
part to which Mr. Neubert referred was the part showing the destruction by termites, 
the manner in which they bore into the wood, the manner in which they travel back 
and forth in the various wood structures. The film is still in America, and if we can 
come to some arrangement as to licensing with the European manufacturers we hope to 
be able to show the pictures to the convention at another time. 

The President:~Would anyone like to ask the Doctor any questions? This report 
is submitted as information? 

Dr. Hermann von Schrenk: — As information only, yes. 

The President: — If there is no objection, it wiU be so received. 

Chairman F. C. Shepherd:— On page 486, under Appendix F, is a report on Methods 
of Protection of Treated Materials in the Field. This Committee has been at work for 
the last two years and late last summer completed a preliminary report which called 
for collaboration with Committee HI and Committee VII. There was an unavoidable 
delay resulting in the collaboration work not being completed. We had a discussion as 
to whether we would publish the report or not but felt that inasmuch as it was submitted 
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for information only it be printed, hoping that during the year such criticisms or sug- 
gestions as we received would then enable us to complete the report and bring it in for 
adoption the following year. This is offered as information only. 

The President:— If there is no objection, it will be so received. 

Chairman F. C. Shepherd:— On page 489, in Appendix G, is a report of a Special 
Committee appointed to work with others in order to Develop Suitable Tables of Fac- 
tors of Expansion for Coal-Tar, Petroleum, Creosote Coal-Tar Solution and Creosote 
Petroleum Mixtures for such Ranges of Temperatures as are of Interest to the Users 
of Treated Timber, 

This Committee’s report is the second part of Revision of Manual already adopted, 
so that this Committee now represents that its report be accepted and recommends that 
the subject be discontinued. 

The President:— If there is no objection, that will be done. 

Chairman F. C. Shepherd:— That completes our report. 

The President: — Is there any discussion or any question the members would like 
to ask this Committee? Wood preservation has been known in this country for quite 
a while and those who have not used it are considered unfortunate. 

Wood preservation works back into some problems that many of us do not foresee. 
It works back into the field of inspection of proper timber and the better manufacture 
and selection for use. It goes from there to the processing for proper treatment. With 
proper treatment it gives us quality, which is giving us the great returns we have today. 

The Committee is excused with the thanks of the Association (Applause) . 

I have just been informed in regard to the movie that Dr. von Schrenk mentioned 
that it was taken in Europe, and that it will be shown in Pittsburgh some time in May 
(the day has not been set)- before the National Society of Bituminous Coal Mining 
Engineers. 


DISCUSSION ON RULES AND ORGANIZATION 

(For*" Report, see pp. 75-79) 

Mr. E. H. Barnhart (Baltimore & Ohio) :— The report of the Committee on Rules 
and Organization will be found in Bulletin 349, page 75. The first subject assigned to 
the Committee was Revision of Manual, and in Appendix A, page 76, the Committee 
has suggested two revisions. 

These revisions were proposed in order to bring the present rules in line with the 
proposed Bridge Inspection Forms which were to have been presented by Committee 
XI— Records and Accounts. In line with the report of that Committee yesterday, these 
forms were not presented. This Committee, therefore, wishes to withdraw its recom- 
mendation that this proposed revision be substituted for the present rules, and they will 
reconsider it during the year in collaboration with Committee XI, 

The President: — If there is no objection, the action of the Committee will be car- 
ried out. 

Chairman E. H. Barnhart: — ^The second subject assigned by the Committee was 
Rules for Maintenance of Bridges— Masonry. Mr. Griggs, Chairman of that Sub-Com- 
mittee, is unable to be present this afternoon. You will find the report of the Sub- 
Committee on page 77 under Appendix B. These rules were printed last year as infor- 
mation. During the year, in collaboration with the Masonry and Iron and Steel Struc- 
tures Committees, some changes were made. 

The rules as now presented have the approval of Committee VIII— Masonry, and 
Committee XV — Iron and Steel Structures. 
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I therefore move that Rules IISO to 1165, as shown in Appendix B, page 77 of this 
Bulletin, be approved for printing in the Manual. 

Mr. H. M. Church (Chesapeake & Ohio) : — On these rules covering maintenance, I 
should like to ask the Committee for consideration of the elimination of a portion of 
Rule 1151. I would move the elimination of the last sentence: “If obstructions are 
caused by a faulty channel, the obstruction should be removed by changing the chan- 
nel.” As that involves engineering work, it is not a subject for maintenance rules. 

I should like to have consideration given to removal of the word “any” from Rule 
1152, applying both to scouring or undermining. In my opinion, it should not be empha- 
sized that all scouring would be treated as provided by the rule. 

The President:— Mr. Church, would you mind going back to Rule 1151? You offer 
an amendment to that, do you? 

Mr. H. M. Church: — I would amend Rule 1151 by eliminating that last sentence. 

The President: — Is there any discussion on that? 

Chairman E. H. Barnhart: — ^We could not accept that change without the approval 
of the Masonry Committee, since they have already approved these rules. We will take 
the rule back and consider it next year. 

Mr. H. M. Church: — ^We could vote on the amendment. 

The President: — ^We will vote on the amendment. Do you all understand it? It 
is the elimination of the last sentence in Rule 1151. All in favor of the amendment will 
please say “aye;” contrary, “no.” The ayes seem to have it. Do you want a rising 
vote on that? 

Chairman E. H. Barnhart: — No. We will take that one back. 

Mr. H. M. Church: — I am addressing my motion to all rules under Appendix “B”. 
I would recommend the elimination of the word “any” under Rule 1152. 

Chairman E. H, Barnhart: — I do not see any objection to cutting out that word 
because it does not particularly change the meaning of the sentence. We will accept 
that. 

Mr. H. M. Church: — I would move elimination of Rule 1154, as this pertains to 
engineering and design and I do not see the application for maintenance rules. 

The President: — It is in the same category as No. 1151. Do you have any objec- 
tion, Mr. Barnhart? No? That rule will be taken back. 

Mr. H. M. Church: — Under Rule 1155, I would recommend changing the words 
“have been subjected” to “are subjected,” and to eliminate the word “additional” pre- 
ceding “protection.” The latter part of that sentence, “in the form of paving, inverts, 
apron or curtain walls,” is also covering features of engineering and the previous objec- 
tion is applicable. 

The President: — ^What do you have to say, Mr. Barnhart? 

Chairman E. H. Barnhart: — It is the same thing. 

Mr. H. M. Church:— Under Rule 1156, eliminate the latter part of the rule reading 
“and the masonry repaired.” From the previous wording those particular words are 
unnecessary. 

The President:— They have had collaboration from other committees. What is your 
next change? 

Mr. H. M. Church:— Under Rule 1157, I move that the word “masonry” preceding 
the word “foundation” be eliminated, and also the elimination of the last words, ‘ or 
the structure removed and rebuilt.” I would ehnunate that portion of it. That is an 
engineering and not a maintenance feature. 

, Under Rule 1161, I would eliminate the last portion of the rule, “by installation of 
drain tile or pipe.” There may be other remedies. I would stop with the word “reme- 
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died.” I would eliminate the last part of that. Then it would read: “Inadequate drain- 
age of bridge masonry should be remedied.” 

I would eliminate the last sentence under No. 1162: “Engineering plans to cover each 
case will be furnished.” That is an engineering feature and not maintenance; that would 
be implied. I move the elimination of that portion of that rule. 

Under 1163, the last sentence covers engineering. I would recommend removal of 
the entire last sentence: “These areas must be repaired with good quality concrete, 
observing specifications for repairing deteriorating concrete.” 

The President: — ^And the next one? 

Mr. H. M. Church:— I would recommend under Rules for Maintenance that No. 
1164 be withdrawn as it is entirely an engineering feature. That is all. 

The President:— Mr. Barnhart tells me that these have been before the Association 
for quite a while, and in checking these up it seems to me that you have only the 
buttons left on. What do you want to do, Mr. Barnhart? 

Chairman E. H, Barnhart: — ^We had better take the buttons back. This Committee, 
as probably almost every member of the Association knows, is required to collaborate 
with from one to three committees on every subject. These rules were presented last 
year as information. They have been out at least two months or more for the Manual. 
We have received no written criticism whatever. Of course, there is nothing for the 
Committee to do but take them back and again collaborate with other committees. I 
would appreciate it if Mr, Church would put his criticisms in writing as we have to 
put them before other committees. 

Mr. H. M. Church: — I would be very glad to do that. 

Chairman E. H. Barnhart: — The next subject assigned to this Committee covers 
the preparation of Rules for Maintenance of Telegraph and Telephone Lines and Appur- 
tenances. The Sub-Committee having in charge the preparation of these rules had an 
agreement last year to the effect that the Committee of the T.& T. Section would draft 
from their Manual such rules which properly belong to maintenance of way employees. 
This, however, was not done, and since the printing of this Bulletin I have received 
advice from the Committee, through the Secretary of the American Railway Association, 
to the effect that it was impossible for them to give attention to this assignment but 
they expect to be able to report some rules to us this year. This subject has been 
assigned to this Committee for some four or five years. 

The fourth subject assigned to the Committee covers Rules for Maintenance of 
Terminal Structures other than Buildings. This report will be presented by Mr. Kulp, 
Chairman of the Sub-Committee. He does not seem to be present. 

The report of the Sub-Committee is shown on page 77, under Appendix C. It covers 
Rules 1278 to 1299. 

These rules on turntables were printed last year as information and now have the 
approval of Committee XIV— Yards and Terminals, and Committee XXIII— Shops and 
Locomotive Terminals. 

I move that these five rules be accepted for printing in the Manual. 

Mr. A. N. Reece (Kansas City Southern) : — I should like to inquire about No. 1299 
and ask if it is not already covered in the Manual, under Other Structures, listed under 
the subheading Oil Houses, being No. 1250. My memorandum reads: “Also in Vol- 
ume 33, 1931 Bulletin 337, page 83, under heading, Rules for Maintenance of Other Termi- 
nal Structures, listed under subhead Oil Houses, Rule 1250, which has been added to 
the Manual.” 
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Mr. P. C. Newbegin (Bangor & Aroostook) Rule 1299 states: “Repairs must not 
be made with open flame lights, and in no case until investigation has been made to 
determine that there do not exist any oil or gas fumes.” 

I suggest that that be changed to read: “Repairs should not ordinarily be made with 
open flame lights,” in the first part of that rule. 

Chairman E. H. Barnhart:— We will accept the word “ordinarily.” 

The President:— Have you satisfied Mr. Reece about 1299? 

Chairman E. H. Barnhart: — Yes, sir. 

Mr. C. W. Baldridge (Santa Fe): — ^As I read Rule 1299, the latter part of it does 
not refer to lights at all. It means: “Repairs must not be made with open flame lights 
and repairs must not be made until investigation has been made to determine that there 
do not exist any oil or gas fumes.” 

The latter part of that rule applies to protection of the men, without any lights. 

The President: — What do you have to say about it? 

Chairman E. H. Barnhart: — ^That is true. I don’t see any difference in the mean- 
ing whether the word “ordinarily” is accepted or left out. However, the Committee is 
willing to accept the word, 

Mr. C. W. Baldridge: — It appears to me that the word “ordinarily” should not go 
in there. Repairs should never be made with open lights in repairing gas tanks. 

Mr. P. C. Newbegin: — In some cases it would be impossible to make the repairs in 
the absence of fumes or gas. They are there when repairs are to be made. 

The President: — ^Would you want to make an amendment to put that word in or 
leave it out? 

Mr. P. C. Newbegin:— I would offer an amendment to the first clause in Rule 1299 
so that it will read: “Repairs should not ordinarily be made with open flame lights.” 

(The motion was put to a vote and carried.) 

Chairman E. H. Barnhart: — ^The next subject assigned to the Committee was: “3. 
Titles employed to designate positions of corresponding rank in Maintenance of Way 
Service subordinate to that of Division Engineer, recommend appropriate titles for posi- 
tion known as ‘Assistant Engineer’ jn all departments, considering the duties involved.” 

Mr. Brooke, the Chairman of the Sub-Committee is not present, but the report 
will be presented by Mr. Warden. 

Mr. R. E. Warden (Missouri Pacific) : — ^The Committee has given considerable study 
and analyzed very thoroughly the information obtained through a questionnaire last year 
and presents for information data shown in Appendix D, with the special request that 
members of the Association who are interested in clearing up this very confusing use 
of the title give earnest thought and consideration to the recommendations and com- 
municate with the Committee during the ensuing year. A large number of replies would 
indicate a widespread interest in this very interesting subject and better enable the Com- 
mittee to make definite recommendations for printing in the Manual. 

This will be found in Appendix D on page 78 and is printed as information. 

The President: — ^If there is no objection, it will be so received. 

Chairman E. H. Barnhart:— The last subject assigned to the Committee covers Rules 
for Fire Prevention as Applying to Maintenance of Way Department. Mr. Hayes, Chair- 
man of the Sub-Committee, will present the report. 

Mr. H. C. Hayes (Illinois Central)*:— Assignment No. 4, Rules for Fire Prevention 
as Applying to the Maintenance of Way Department, collaborating with the Railway 
Fire Protection Association and National Board of Fire Underwriters. 

The Committee offers as information in Appendix E a number of rules on fire 
prevention. The rules offered last year for information have been carefully gone over 
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and revised by the Committee and these rules have the approval of the National Board 
of Fire Underwriters. The Committee hopes to be in position next year to secure the 
approval of all interested bodies and be able to present a recommendation for approval 
and printing in the Manual. 

Since this subject was assigned to the Sub-Committee, there have been some objec- 
tions made by members of the Association on the ground that fire prevention should be 
handled by some other department or bureau other than the maintenance of way depart- 
ment. The Committee, after canvassing the situation, are of the opinion that the stand- 
ard practice of a majority of the railroads represented in this Association make fire 
prevention a duty of the maintenance ^of way department, and we have developed rules 
shown in Appendix E as a result. 

The rules as presented to you in Appendix E, page 79, represent the first draft and 
will, no doubt, require considerable revision before the Committee feels that they will 
be justified in presenting these rules for the Manual. 

The Committee will appreciate any criticism or suggestion in writing from the mem- 
bers of the Association so that we may consider them in light of our assignment. The 
rules are offered as information. 

The President:— Are there any questions? If not, they will be so received. 

Mr. R. C. Bardwell (Chesapeake & Ohio) : — On page 76 of Bulletin 349, Committee 
XII states that proposed fire prevention rules for Maintenance of Way officers shown in 
Appendix E on page 79 are offered as information, and hopes that it will be in a position 
to present a recommendation next year for printing in the Manual. 

With this in view, it is believed that a few remarks are warranted as there is some 
question as to whether the Manual should contain recommendations incorporating man- 
datory regulations which, if carried out literally, would tend to make fire prevention 
inspectors out of some very valuable maintenance officers and interfere with their regular 
duties. 

Representing railway water service, I wish to call attention to the fact that under 
the last paragraph on page 79, headed “Supervisors of Water Service”, proposed rules 
423 and 424 are impractical and not in line with proper duties and responsibilities of 
Water Service Supervisors, and proposed rule 425 is not complete. 

Many of the pumps and fire lines on railroad property are located within shop 
grounds under the jurisdiction of the Mechanical Department over which Water Service 
Maintenance forces have no control. In addition, pumps and pipe lines are installed, 
operated, and maintained by Supervisors of Water Service under instructions from the 
management and the question of sufficient volume to quench any fire on the property 
is a matter to be determined by others before installation is authorized. This rule could 
well be confined to the operation and maintenance of fire pumps and fire lines under 
their jurisdiction. 

The question of fire hydrant maintenance might best be handled under a separate rule 
and include provision for adapters where size and threads on nozzles do not fit the near- 
est municipal fire department facilities. Also there is the matter of prompt repairs to 
any defects noted or reported by Fire Prevention Inspectors. 

Proposed rule 424 should be eliminated, as the question of connections to municipal 
fire mains is a matter of policy to be determined by others. 

The laws on cross connections and possible damage which may be caused by im- 
proper connections are such that the question of connections to any municipal water 
mains must be given very careful consideration. 

Proposed rule 425 could well be expanded to include road mechanics or repairmen, 
and pumpers who should all observe fire prevention rules. 
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If Committee XII is not familiar with the duties of Water Service forces, I am sure 
that Committee XIII ^Water Service, will be pleased to furnish information at any time. 

As this report is not in satisfactory shape at present, it is recommended that this 
subject be referred back to the Committee for further study and report. 

The President:— That is what the Committee proposes to do, Mr. BardweU, and the 
Committee would be glad if you would write them fully in regard to these rules. They 
would gladly accept your suggestions. The subject will be continued and the Committee 
on Outline of Work will take it under advisement. 

This finishes the report of the Committee on Rules and Organization. You cannot 
run a railroad satisfactorily and efficiently unless you have an organization, and vou 
cannot make an organization function unless you have rules. This Committee needs 
food for thought from the members, and on their behalf I suggest that you give them 
all the food for thought that you can so that they can coordinate and cooperate in all 
their work. 

The Committee is excused with the thanks of the Association (Applause) . 


DISCUSSION ON ECONOMICS OF RAILWAY OPERATION 

(For Report, see pp. S33-S7S) 

Mr. J. E. Teal (Chesapeake & Ohio) : — ^The report of the Committee on Economics 
of Railway Operation will be found on page 533 of Bulletin 353. Your Committee re- 
ports progress on all assignments except No. 2 and No. 5. Assignment No. 2, Methods 
for Obtaining a More Intensive Use of Existing Railway Facilities, with particular refer- 
ence to securing increased carrying capacity, which your Committee presents as Appen- 
dix A, deals with due regard to reasonable increases in capital expenditures consistent 
with traffic requirements. This is designated as Part (b) of the assignment. 

In the absence of Mr. Mannion, Chairman of the Sub-Committee, I will briefly pre- 
sent Appendix A, which is found on page 534. Before proceeding, I wish to call atten- 
tion to two corrections. The first is in the last line at the bottom of page 540, where 
the words “heavier power” should read “changes in power.” The second typographical 
error is on page 545, in the tabulation near the bottom of the page, where the word 
“train” in the last two lines should be “hours.” 

Your Committee has presented reports during the past few years showing the effects 
of various changes in operating conditions on freight train performance, embracing traf- 
fic density, length of engine district, double tracking, passenger train operation, super- 
vision, heavier power, automatic signals, centralized traffic control, and converting double 
track into single track. 

The report this year specifically relates to methods of forecasting the improvement 
in train operation on a single track railroad equipped with short sections of double track 
with spring switches and CTC controlled manual block. 

The study embraces a freight train district of about 123 miles in length, described on 
page 534, the present track plan and profile of which are shown in Fig. 1, page 535. An 
outline of operation, together with statistics showing the freight train performance dur- 
ing a period of years prior to and including 1932 will be found on page 536, from which 
it will be noted that the greatest traffic density occurred in 1927 which was substantially 
maintained until 1930 when it decreased on account of general business conditions. Addi- 
tional second track and other improvements, installed between 1924 and 1929, were 
largely responsible for ^n improvement of 22 per cent in train performance during that 

perio4, 
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Studies were then made for installing about 62 miles of double track costing over 
$5,000,000. This expenditure could not be justified and attention was then given to re- 
arranging passing sidings to form short stretches of double track with spring switches 
and CTC controlled manual block. 

The factors to be considered in comparing the present track layout and method of 
train operation with the proposed track layout and CTC controlled manual block method 
of train operation include: 

1. Present and proposed track and signal layout. 

2. Expenditures necessary in connection with track changes. 

3. Effect of proposed track plan on track and other maintenance, taxes, train opera- 
tion, cost of transportation, and track capacity, 

4. Comparison of present and proposed methods of freight train movements. 

5. Annual savings and return on expenditures. 

As I have just stated, the present track plan is shown in Fig. 1. The section of line 
selected for CTC controlled manual block operation embraces about 84 miles, of which 
62 miles are single track, with 14 passing sidings. The train movements are handled by 
timetable and train orders with manual blocking, the blocks varying in length from 2 to 
17 miles. 

Fig. 2 on page 539 shows the proposed track and signal plan, details of which are 
described on page 538. The plan provides for removal of eight of the existing passing 
sidings, extending and converting five to double track sections about three miles in length, 
and extending the present double track about two miles. The plan provides for eight 
double, track sections in the 84-mile territory, which is accomplished by requiring about 
6,000 feet of additional track. 

The expenditures, aggregating $1,000,000, necessary in connection with track changes 
are shown on page 540. 

The effect of operating under the proposed track and signal plan is outlined in detail 
on page 540 to page 545, which page also includes diagrams and tables used in deter- 
mination of the result. 

Attention is particularly called to Fig. 4 on page 542, which is a typical train move- 
ment diagram, of a portion of the line, between the hours of 7 A.M. and 6 P.M. This 
diagram shows the sections of the 24-hour train movement which are plotted from the 
train sheets on a time and distance scale. All the delays are recorded, showing their 
causes. With this graphic information showing actual train performance, the next step 
is to determine what portion of the train delays will be eliminated under the proposed 
plan of operation. This may be accomplished by redispatching the train movements, by 
drawing new lines and advancing the trains to new meeting points, where the analysis 
indicates that such would happen with additional facilities for receiving information and 
putting out orders. 

This method of redispatching is shown graphically by Fig. 5 on page 543 in the sim- 
plest form. The result of the study for a 24-hour period is tabulated in Table No. 3, 
page 544. The study should extend over a period of 10 or 15 consecutive days to in- 
clude the performance of 100 or more trains under the most favorable operating condi- 
tions. 

The general procedure has been outlined by this Committee and published in the 
Proceedings, Vol. 32, page 670, under the heading, “Log of Freight Train Performance.” 

Fig. 3 on page 541 shows the freight train performance during the years 1924 to 
1932, inclusive, together with the anticipated freight train performance. under CTC con- 
trolled manual block operation with the 1930 business. This performance is represented 
by Lines A-E. Point A is taken as the minimum number of hours per 100 train miles. 
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Line A-D is plotted to represent a saving of 1.8 hours per train, being the result of the 
train movement study just described, and a IS per cent increase in train load compared 
with 1930 operation. 

Credit for an increase in train load will depend upon a number of conditions, in- 
cluding traffic density and the number of train stops that may be eliminated under the 
proposed method of operation. 

A computation of the train miles and train hours that will be saved is shown on 
page S4S. If credit is taken for an increase in train loading, the decrease will be: Train 
miles, 13 per cent ; train hours, 34 per cent. If credit is not taken for an increase in 
train loading, the decrease in the number of train hours will be 24 per cent. 

The justification of proceeding with the proposed plan will depend on the cost per 
train mile or per train hour before and after its installation. 

The conclusions are found on page 546, reading: 

“Where the distribution of traffic on existing lines results in considerable overtime 
under timetable, train order, and manual block system, consideration should be given 
to a rearrangement of tracks by eliminating passing sidings, providing short sections of 
double track, and installing a system of CTC controlled manual block for directing train 
movements by signal indication, which will provide: 

“1, Reduction in overtime by eliminating excessive delays and stops at meeting and 
passing points, shorter block lengths, reduction in running time, and a reduction in the 
number of water stops. 

“2. Increased track capacity. 

“3. Increased train load, 

“4. Increased safety in train operation. 

“S. Increased flexibility of operation by directing train movements by signal indi- 
cation. 

“6. Reduction in transportation expense.” 

Your Committee submits this report as information and recommends that the sub- 
ject be continued. 

The President: — ^Are there any questions? If not, the subject will be so handled. 

Chairman J. E. Teal: — Assignment No. 5, Appendix B, Methods for Determining 
the Most Economical Train Length Considering all Factors Entering into Transportation 
Costs, will be presented by Mr. L. S. Rose, Chairman of the Sub-Committee. 

Mr. L. S. Rose (Peoria & Eastern): — ^The report on this subject is found in Bulle- 
tin 353, page 546. The subject has been before the Committee for several years to 
plague them; you will find in the report that we have taken liberties with train lengths. 
We have gone to a tonnage rating. A method has been worked out by Mr. Kimball of 
this Committee, assisted by Mr. Snyder, for determining the best tonnage rating based 
upon the horsepower of the engine. Partial tables are submitted for engines with a 
certain percentage of their weight on the drivers. The tables are not complete; but for 
those engines that fall within these ratios you will find that this is a better method for 
the rating of trains than some that are now in use. 

The tables give the maximum tonnage rating, depending upon the horsepower, and 
the maximum gross ton miles per train hour. The report is submitted as information 
and we request that the subject be continued. 

The President:-— It is good information, too. Are there any questions you would 
like to ask Mr, Rose? If not, it will be so received. 

Chairman J. E. Teal: — That concludes our report, sir. 

The President: — ^Would you like to ask this Committee any questions? 

Past-President Edwin F. Wendt:— Before the Committee is excused, I desire to 
comment on the increase in the efficiency of railway operating during the past twenty- 
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five years. It seems to me that the American Railway Engineering Association may 
properly take some credit for What has been accomplished. 

The depression in the railroad business is probably the worst in one hundred years. 
The stock market quotations of 1932 indicate that railroad stocks had declined to about 
10 cents on the dollar.. Railroad people have been much discouraged. They wonder 
what the future has in store, and their minds are influenced more or less by the inroads 
of the motor truck, inland waterway, and aeroplane, on railway revenues. 

In times of storm it is a good plan to review the past, and I am reminded that at 
the first Annual Convention of the A.R.E.A., President John F. Wallace remarked that 
‘‘The record of the past is the only safe guide for the future.” Let us briefly review 
the past history of railroads during depressions. 

I do not have statistics covering the depressions of 1837, 1857, and 1873, but it is 
generally admitted that the depression of 1932 was the worst in the history of the rail- 
road business. However, since the formation of the Interstate Commerce Commission 
in 1887, we have reliable statistics. Previous to 1932 it is interesting to note that during 
depressions the railroads did not suffer a,s severely as industrial enterprises, whereas in 
the depression of 1932 the railroads suffered reduced earnings almost exactly the same 
as Industrial companies. The decline in industrial production in 1932 compared with 
1928-29 was 50 percent, and this is substantially the reduction suffered by railroad 
companies. 

The decline of gross operating revenues of railroads from their previous maxi- 
mum was: 

1894 — 12 percent 1915 — 6 percent 

1908 — 8 percent 1921 — 11 percent 

1932 — 50 percent 

The question naturally arises why did the railroad business decline the same as in- 
dustry in 1932, whereas in previous depressions the decline was much less. It seems 
to me that there are a number of reasons, two of w^hich are: (a) the rise and growth 
of transportation by highways, waterways, pipe lines, and airships, and (b) the decline 
in immigration from 1,000,000 per year to practically none. If the immigration had not 
been stopped, there would have been probably 15,000,000 more people in this country 
to be fed, clothed, housed, and amused. 

The passenger business has been adversely affected by the motor, particularly by 
the private automobile. It is probable that there will not be any net income from the 
passenger business within the next few years, but it may well be that it will earn its 
own way. If the passenger business is operated without loss, as may reasonably be 
expected, the future net railway operating income will be derived from the freight 
business. 

The railways have experienced hard times in the past, and have successfully adjusted 
themselves to new conditions by increasing their efficiency. The increase in efficiency 
during the past twenty years has been remarkable. Labor and materials more than 
doubled in price, and taxes trebled. The operating ratio of Class I Roads increased 
only 2 per cent between 1913 and 1928. It will be remembered that the World War 
did not break out until 1914, and the year 1913 is representative of pre-war prices, 
whereas the year 1928 is representative of post-war prices. The mileage of railroads 
has remained almost stationary during the past twenty years, the total mileage being 
250,000. There has been only a small increase in capitalization during the past twenty 
years. In 1913 the total railway capital was $20,000,000,000 in round numbers, and in 
1931, $22,000,000,000., including non-operating subsidiaries. The per cent of debt to total 
capital has remained almost uniform at 56 percent from 1913 to the present time. 



Discussion 


857 


Therefore the amount of stock is 44 percent of the total capitalization. In view of the 
great improvement in the physical properties during the past ten years, it is significant 
that the capitalization has increased but little. 

It is interesting to note that the Interstate Commerce Commission introduced an 
exhibit at the hearing in Ex Parte No. 103, containing significant data on valuation 
as of December 31, 1930, summarized as follows: 

Cost of Reproduction New at Period Prices 

Class I Railroads $26,864,303,934 

Class II Railroads 497,771,125 

Class III Railroads 122,941,947 

Switching and Terminal Railroads 571,458,946 

Cost of Reproduction New at Spot Prices 

Class I Railroads $26,033,317,372 

Class II Railroads 482,500,068 

Class III Railroads 119,269,339 

Switching and Terminal Railroads 554,570,700 

Original Cost to Date of All Property, Except Land, Owned and Used by 
Steam Railroads as of December 31, 1929 
Total amount $22,092,107,618 

Please note that land is omitted, and Original Cost was estimated on the basis of 
1914 prices, plus actual costs since that date. 

Estimate as of December 31, 1930, of the Value of Lands and Rights 
Used by Steam Railroads 

Grand Total $3,778,248,076. 

Working Capital, including Material and Supplies, used by steam roads as of De- 
cember 31, 1930 — 

Grand Total $503,161,000. 

Cost of Reproduction New, plus Present Value of Land, plus Working Capital, as 
of December 31, 1930: 

Grand Total $32,337,885,000. 

The Commission deducted about 20 percent for Accrued Depreciation, thus leaving 
$26,500,000,000 (round numbers) as the Cost of Reproduction less Accrued Depreciation 
of the railway system of the United States, including land and working capital. 

The Original Cost to Date estimated by the Commission plus Present Value of Land, 
plus Working Capital, is $26,970,728,000. 

Thus it appears that the Commission’s Valuation data has performed one very im- 
portant service in showing that the roads as a whole “are substantially undercapitalized”, 
and that the Commission’s Valuation figures vary but little from the railroads’ own book 
values. 

The so-called Coolidge Committee recently arranged with the Brookings Institution 
to prepare a report on the railroads, and a report has just been issued. It was prepared 
by Harold G. Moulton and fourteen associates. The publication entitled “The American 
Transportation Problem”, page 417, contains a significant statement in support of my 
view that the railroads are undercapitalized from 20 to 25 percent. Dr. Moulton reached 
the following conclusion: 

“It will be recalled that the belief that the railroads were greatly overcapitalized was 
one of the reasons which led to the Valuation Act of 1913. * ^ * It will be seen that 
the roads as a whole are substantially undercapitalized, and that the Commission’s Valu- 
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ation figures vary but little from the railroads own book values. While many roads were 
undoubtedly overcapitalized in earlier days, surplus earnings have been put back into 
the properties in sufficient amounts to absorb all of the water and to provide a sub- 
stantial margin of investment over and above the par value of outstanding securities.” 

The average rate of railway wages has increased much faster than gross revenue. 
The average wage rate in the five years previous to 1930 was nearly two and one-half 
times that of the pre-war period between 1905 and 1910. 

The railroads have substantially reduced their cost of operation per unit of traffic 
since the World War. 


Operating Expenses in per cent of Gross Operating Revenues were: 



190S-1910 

1911-1916 

1924-1929 

Gross operating revenue 


100 per cent 

100 per cent 

Operating expense: 




Way and structures 


13 per cent 

14 per cent 

Maintenance of Equipment . 

15 

17 

20 

Transportation 

35 

35 

34 

Traffic, miscellaneous and general expenses 4 

5 

6 

Total 

67 

70 

74 

Taxes 

3 

4 

6 

Total operating expenses and taxes 70 

74 

80 

Railway operating income . . 

30 

26 

20 

The depression of 1907 

occurred in the first period. 

The depression 

of 1914 oc- 


curred in the second period, and the boom of 1929 occurred in the third period. 

The statement indicates that Maintenance of Way and Structures remained almost 
stationary with respect to Gross Operating Revenues, notwithstanding the fact that the 
wage rates in the boom period were almost two and one-half times the wage rates paid 
in the first period 1905-1910. This is an interesting fact, and indicates how successful 
Engineers were in overcoming difficulties incident to the great rise in the cost of material 
and labor. It will be remembered that the wholesale commodity index reached 220 in 
May, 1920, in contrast with 100 in the year 1913. Prices of material and wages more 
than doubled, but the Maintenance of Way Engineer by reason of improvement in effi- 
ciency was able to maintain his road without increase in the per cent relationship of 
Maintenance of Way and Structures Expense to Gross Operating Revenue. 

(Note — ^These figures were taken from the Wall Street Journal.) 

Statistics indicate that in the past ten years the diversion of traffic from railroads to 
trucks has progressed very slowly, and it is reasonable to expect that the diversion will 
not increase in the future at the rate of the past because the main highways have been 
improved. Trucks are likely to be restricted more and more in the future, and the rail- 
roads are certain to make every eSort to retain their business through fast service, store- 
door delivery, and the coordination of service between rail, highway, water, and air. 

The general opinion is that 1932 marked the low point in the depression. There 
was a 50 per cent reduction in gross earnings of railways. When prosperity returns, the 
question is, will the railroads be able to recover all that has been lost. It is probable 
that a certain percentage of traffic has been permanently diverted to the highways. How- 
ever, this diversion is gradually reaching its maximum, and an analysis of the growth 
of railway freight traffic during the last fifty years indicates that traffic will regain by 
1942 the normal trend wffiich was established previous to the present depression. It will 
not be surprising if railroad freight traffic five years hence equals, or exceeds, its previous 
peak. The population of the United States is increasing at the rate of over 1,500,000 per 
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year, and with the normal growth of traffic, and the increased efficiency of operation 
which may be expected, there is every reason to anticipate that the railroads wiU again 
become prosperous. 

The American Railway Engineering Association has recently completed its thirty- 
fourth year, and the work of its various Committees has contributed in large degree to 
the development and increased efficiency of American railroads. Special commendation 
is due the Committee on Economics of Railway Operation, as well as all other committees 
of the Association, for the splendid work which they have done. 

The President: In that same connection, this Committee has worked not only in its 
own field but it has to deal with every branch in the transportation field. It has always 
done good, constructive work. I believe that only a few years ago a lot of Executives 
of railroads felt that they could go ahead and apply the principles laid down by this 
Committee, and that has been very effective. 

The Committee is excused with the thanks of the Association (Applause) . 


DISCUSSION ON ECONOMICS OF RAILWAY LABOR 

(For Report, see pp. 101-124) 

(Vice-President W. P. Wiltsee in the Chair.) 

Mr. Lem Adams (Union Pacific) : — Economics of railway labor, in its broadest sense, 
is about the most important question before railroad officials today, as all of us are con- 
stantly confronted with the problem of what further can be done to decrease the cost of 
railway maintenance. It is the hope of this Committee that some of the subject matter 
discussed in the report today will be of value to you in solving your individual problems. 

The report of the Committee is found in Bulletin 349, pages 101 to 124, inclusive. 
There is no Revision of the Manual, except as will be presented in connection with the 
report of Sub-Committee 9. 

The second assignment is Analysis of Operations of Railways that have made Marked 
Progress in the Reduction of Labor Required in Maintenance of Way Work. Mr. Par- 
ant, Chairman of the Sub-Committee, is not able to be with us today. However, the 
Committee reports progress on this assignment, as Mr. Parant and his Committee have 
done a lot of work on this subject in the past two or three years, and during 1932 a very 
comprehensive report containing splendid subject matter was submitted. 

On Subject 3, Effects of Recent Developments in Maintenance of Way Practices on 
Gang Organization (such as Use of Heavier Rail, Treated Ties and Labor-Saving De- 
vices, which make Practicable Small Section Forces, and Conducting the Major Part of 
Maintenance Work With Extra Gangs), Mr. Schwinn, Chairman of this Sub-Committee, 
could not be present. However, the Sub-Committee has collected considerable informa- 
tion in addition to that reported last year in Vol. 33, giving complete description of prac- 
tices in effect on five railroads. The present report supplements the information previ- 
ously given and includes a r6sum6 of practices followed on four railroads. 

Under present conditions you will find it interesting to review these reports, and I 
am going to take the liberty of reading that part outlining the practices in effect on the 
Chicago, Burlington & Quincy Railroad. 

‘‘As the result of improved rail, tie, ballast and drainage conditions and the use^ of 
labor-saving devices, this railway has been able to introduce a complete reorganization 
of its track maintenance forces. Under the new plan, the section gang continues as the 
primary unit in the maintenance organization, but the average length of sections was in- 
creased from about 8 miles to 12 miles, thus accomplishing a reduction of one-third in 
the number of sections. 



S60 


Economics o f Railway Labor 


‘The section foremen, however, are relieved of the duty of daily track patrol, this 
function being performed by track supervisors (a new position) each of whom has Juris- 
diction over about six sections, or 75 miles, and who report to and work under the direc- 
tion of the Roadmaster. This plan has also permitted increasing the length of Road- 
masters' territories from one engine district to two engine districts, or about 225 miles, 
this generally covering three Supervisors’ territories. 

“The plan was applied progressively, one operating division being covered at a 
time. By the close of 1931 the new plan was in effect on all lines west of the Missouri 
River and a part of the lines east, and the results were so favorable that it was expected 
to continue the reorganization through 1932 to include the entire system. The plan has 
permitted increasing the number of men per section and by improved supervision, has 
eliminated to a large extent what would normally be unproductive time. The results 
up to date have been very satisfactory and apparently are accompanied by appreciable 
economies. A full account of the Burlington plan may be found in the January 1932 
issue of Railway Engineering and Maintenance.” 

Under Subject 5, Programming of Bridge and Building Work, Mr. Botts, Chairman 
of this Sub- Committee, has accumulated a lot of useful information. However, he 
wishes to report progress only. 

Under Subject 6, Revised Plans for Outfit Cars for Maintenance of Way Depart- 
ment Employees, Mr. Magee, as Chairman of this Sub-Committee, has worked out a 
number of plans. However, he is not ready to complete his report and we ask that this 
be carried over until next year. 

Subject 7, Economics of Methods of Weed Killing. This subject has been with us 
for several years, but we still report progress only. 

Subject 8, Use of Motor Trucks in Maintenance of Way and Structures Work. Mr. 
Stout, Chairman of the Sub-Committee, will present this report. 

Mr. H. M. Stout (Northern Pacific): — ^The report of your Sub-Committee appears 
on page 107 of Bulletin 349. The data was collected a considerable while ago so if any 
of the members present find their roads are not correctly listed as to the number of 
machines that are being used, the reason for that will be due to the fast changes that 
are being made in this class of equipment. The cost of operating these machines or the 
economies realized by their use vary. The returns which we received in the collection of 
data upon which the report is based varied from a road which found no economy in the 
use of motor trucks to other roads that claimed the saving of the price of a motor truck 
pet year. 

The motor truck is not useful in its present form on the present maintenance of rail- 
roads in all maintenance work, hut the classes of work to which they are adapted have 
been mentioned in the report. 

The report is given you for information. 

Vice-President W. P, Wiltsee: — It will be so received. 

Vice-Chairman Lem Adams: — Subject 9, Gang Organization and Methods of Per- 
forming Maintenance of Way Work, Including Revision of Time Studies now in the 
Manual. Mr. Howe will present this report. 

Mr. C. H. R. Howe (Chesapeake & Ohio): — In the preparation of this report par- 
ticular attention has been given to the subject of laying rail. It appears in the Manual 
on page 114. The Committee’s report on rail laying schedules now includes the 39-foot 
as well as the 33 -foot rails. Provision is likewise made for the increased number of ties 
now used on many roads. 

It is the opinion of the Committee that any attempt to set up schedules for rail lay- 
ing by mechanically equipped gangs would be abortive at this time as much of the equip- 
ment is only in the development stage. However, for your information, the Committee 
presents as illustrative of progress that is being made, the organizations employed and 
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the results obtained on three railroads where the type of track makeup is somewhat 
varied. 

Your Committee does not believe that time studies and work schedules are suitable 
material for inclusion in the Manual as they are more or less of transitory interest and 
are subject to progressive modification. 

It is our opinion that such information is more suitable for publication in the Pro- 
ceedings. It is the Committee’s recommendation that the subject-matter in the Manual 
beginning with Exhibit A on page 1449, to and including the first three paragraphs on 
page 1466, be withdrawn. 

The Committee recommends that this report be received as information and the 
subject continued. 

Vice-President W. P. Wiltsee : — Wt should have a motion on the revision of the 
Manual. 

Mr. C. H. R. Howe: — The Committee makes that as a motion, that the subject- 
matter in the Manual beginning with Exhibit A on page 1449, to and including the first 
three paragraphs on page 1446, be withdrawn from the Manual. 

Vice-Chairman Lem Adams: — I second the motion. 

Vice-President W. P. Wiltsee: — You have heard the motion. Is there any discus- 
sion? 

(The motion was put to a vote and carried.) 

Vice-Chairman Lem Adams:— Subject 4, Standard Methods for Performing Main- 
tenance of Way Work for the Purpose of Establishing Units of Measure of Work Per- 
formed. Since this subject has been assigned to this Committee at various times, begin- 
ning with the year 1920, the report given at this time is largely a brief of previous re- 
ports. 

In 1925 (page 930, Vol. 26) the report of the Committee contained a discussion of 
the following principal features of the plan previously recommended: 

1. Standard methods and time schedules for each item of work. 

2. Instructions to foremen to enable them to submit accurate reports of perform- 
ance. 

3. Closer supervision by means of planning and dispatching the work in advance. 

4. Sample forms for the notation of records and performance for comparison of 
results. 

It is the opinion of the present Committee that the two outstanding features to be 
considered are “Standard methods and time schedules for each item of work,” and 
“Closer supervision by means of planning and dispatching the work in advance.” 

In meeting the conditions now confronting the railways it has been found that we 
can greatly curtail or dispense with many of the operations formerly considered essen- 
tial in performing maintenance of way work. However, the time schedule still remains 
an important item, since without definite schedules, we will work with “hit-and-miss” 
methods that are not conducive to economy. Likewise, planning and dispatching are 
essential if we are to secure maximum efficiency, as any haphazard method of perform- 
ing work, even on a small sub-division, will result in important items of work being de- 
layed or omitted from the program. 

Various reports of this Committee in the past have set up a table of equated track 
values, which is very useful in the establishment of section limits, and for ready refer- 
ence the table of equation is printed in the report, this being the same table that we have 
been using for years: 
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One mile of first main track equivalent to: 

1.15 miles of second main track 

1.33 miles of third or fourth main track 

2.00 miles of branch line track 

2.00 miles of passing and thoroughfare track 

3.33 miles of yard tracks 
12 main line switches 
20 sidetrack switches 
10 railroad crossings 

12 city street crossings 
25 to 50 country road crossings 
mile of track' pans 
4 miles of ditches 

In applying these values, due consideration must necessarily be given the volume of 
traffic and the varying condition of the track involved. Traffic density is, of course, the 
destructive agent on any piece of track, and the condition of the rail, ties, and ballast 
are important factors that must be considered at all times in the assignment of track 
forces. 

In the 1924 report of this Committee the following conclusions appeared: 

“(1) The making of time studies and the comparison of performance of an in- 
dividual gang with a standard increases the efficiency of the gang under observation and 
of other gangs which are made acquainted with results. 

“(2) The general use of standard methods and units of measure of performance on 
divisions and districts of a railway has resulted in increasing the efficiency of track 
forces.’^ 

The Committee’s final report in 1926 concluded that: 

“It is not possible to determine a fixed unit of cost of maintenance of way and 
structures accounts for any unit of property, such as the equated mile, or for any unit 
of use, such as thousand car miles. It is further the conclusion that it will be impossi- 
ble to determine upon such unit of cost at any future time unless all railways were to 
adopt the use of standard materials and standard practices, and even then there would 
exists differences reflecting the differences in location, climatic conditions and physical con- 
struction.” 

Your Committee concurs in the above conclusion at this time. 

This concludes the report of the Committee, Mr. Chairman. 

Vice-President W. P. Wiltsee: — Is there any discussion on the report of this Com- 
mittee? I should like to ask the Committee what disposition they desire to make of 
these conclusions? Are they submitted as information? 

Vice-Chairman Lem Adams: — It is submitted as information only. 

Vice-President W. P. Wiltsee: — ^It will be so received. This Committee has again 
submitted to us a report of real value and we will now relieve them with our thanks lor 
their good work (Applause). 



DISCUSSION ON WATER SERVICE AND SANITATION 

(For Report, see pp. 81 - 100 ) 

(Vice-President W. P. Wiltsee in the Chair.) 

Mr. R. C. Bardwell (Chesapeake and Ohio):— The report of Committee XIII— 
Water Service and Sanitation, is presented in Bulletin 349, pages 81 to 100 inclusive. 

Revision of the Manual is considered under Appendix A, page 82, and attention is 
called to the two charts, tables No. 1 and No. 2 printed on pages 83 and 84, showing 
detailed dimensions and weight of various classes of standard cast iron pipe which were 
inadverently omitted at time of the adoption of the ‘‘Specifications for Cast Iron Pipe 
and Special Castings,” w^hich appear on pages 902 to 907 inclusive, of the 1929 Manual. 

These specifications are not complete without these standard tables, and it is therefore 
moved that the Association approve the publication of these tables No. 1 and No. 2 in 
the Manual with the balance of the cast iron pipe specifications. 

Vice-President W. P. Wiltsee: — It has been moved and seconded that the tables 
mentioned be included in the Manual. Is there any discussion? 

(The motion was put to a vote and carried.)' 

Chairman R. C. Bardwell: — ^The only other suggestion is for correction of error in 
symbol for dimension of hoop lugs shown on page 940 of the 1929 Manual which should 
be “Z” instead of “2”, which it is presumed the Secretary will handle. 

Your Committee wishes to report “Progress” on the second assignment, “Pitting and 
Corrosion of Boiler Tubes and Sheets”, and it is hoped that report can be presented next 
year. 

The report on assignment No. 3, “Methods and Value of Water Treatment” with 
respect to estimating and summarizing possible savings effected, is given in Appendix B, 
and will be presented by the Sub-Committee Chairman, Mr. R. E. Coughlan. 

Mr. R. E. Coughlan (Chicago & Northwestern) The report of this Sub-Committee 
is given in Appendix B, page 85 in Bulletin 349. 

During the past year your Committee investigated the methods of water treatment 
on all of the Class I railways in the country with a view of obtaining all information 
available from which a monetary value might be calculated on the improvements ob- 
tained. 

It was found that five recognized methods of water treatment were in use, all of 
which would give excellent results if properly installed and supervised. There is no gen- 
eral fixed rule as to which of these methods are most suitable without a thorough pre- 
liminary survey being made in which survey the Operating and Motive Power Depart- 
ments should be freely consulted. 

The information given in our report is the result of this year’s investigation and 
shows conclusively that all forms of water treatment result in a gratifying improvement, 
shown directly in decreased boiler maintenance, extended mileage of runs, elimination of 
locomotive delays and failures and actual extensions of time in regard to shoppings re- 
quired by federal law every four years. 

For want of a better measuring stick of a monetary value it was decided to main- 
tain the figure of 13 cents per pound of incrusting solids removed as being the gross 
V’alue to be obtained in methods of complete treatment. 

This report is offered as information. 

Chairman R. C. Bardwell: — Although the cost of operation and maintenance of 
water stations is only approximately 1.0 per cent of railway operating expenses, the 
aggregate amount is quite considerable and as the effect of suitable water at proper loca- 
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tions is an important factor in economical railway operation, it is advisable that suitable 
cost records be maintained to properly plan improvements. Reports on Assignment No. 
4 covering this subject appears in Appendix C and will be presented by Sub- Committee 
Chairman, Mr. E. M. Grime. 

Mr. E. M. Grime (Northern Pacific) -.—This report is found on page 87 of Bulletin 
349. Even though now well established on most railways, the Water Department is still 
in its infancy. It is constantly proposing changes in existing facilities and improvements 
in water conditions which are necessary to make it possible for the Mechanical Depart- 
ment to provide the increased speed and reliability demanded by changing operating 
conditions. The progress made is of particular interest to railway officers and it there- 
fore seems desirable that an annual summary be prepared to show not only the actual 
cost of pumping water but, in those cases where conditioning of this water becomes 
necessary, that feature also be included in order that the results under varying condi- 
tions may be seen at a glance. Such data is not only useful to Mechanical and Operat- 
ing Department officers but is also necessary in the Water Department for the purpose 
of keeping a check on softening plant operation and observing the possibilities for further 
improvement in pumping facilities. 

We recommend the use of Form 1301 revised, shown on page 599, Proceedings of 
1932, covering a Monthly Pumping Station Report, revised, as found necessary in in- 
dividual cases, and Form 1302 revised, shown in the 1931 Proceedings, for corresponding 
annual report. 

This report is presented as information. 

Vice-President W. P. Wiltsee: — ^It will be received as such. 

Chairman R. C. Bardwell: — ^Final report on Assignment No. 5, “Development of 
Deep Well Pumping Equipment,” appears in Appendix D, and will be presented by Sub- 
Committee Chairman, Mr. J. P. Hanley. 

Mr. J. P, Hanley (Illinois Central)-: — ^The report on Deep Well Pumping Equip- 
ment appears on page 88 of Bulletin 349, 

Previous reports on certain phases of deep wells and deep well pumps were pre- 
sented to this Association by the Water Service Committee in 1913, 1915 and 1926. The 
present report reviews the subject briefly and mentions recent improvments in this class 
of equipment. 

Steam head pumps, double acting cylinder pumps, two-plunger pumps, deep well tur- 
bine pumps and air lifts are discussed. It appears that deep well turbine pumps are re- 
placing other types of apparatus for the general run of installation. The use of air lifts 
is still advisable in special cases, as mentioned in the report, where conditions are not 
favorable for the strictly mechanical types. 

The conclusions are five in number and appear on page 90. Permission is asked to 
correct an error in the third line from the bottom of Conclusion No. 4, showing the 
efficiency of air lifts. This should read “25 per cent to 30 per cent,” instead of “25 per 
cent to 40 per cent,” as it now appears. 

With this correction the report is offered as information. 

Vice-President W. P. Wiltsee: — It will be so received. Is there any discussion on 
this report? If not, proc-eed. 

Chairman R. C. Bardwell: — ^Your Committee desires to report progress on Assign- 
ment No. 6, “Design and Maintenance of Track Pans for Locomotive Water Supply”, 
and it is hoped that final report will be presented next year. 

Progress report on Assignment No. 7, “Standard Methods for Analyses of Chemicals 
Used in Water Treatment”, appears in Appendix E, and will be presented by Sub-Com- 
mittee Chairman, Mr. R. M. Stimmel. 
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Mr. R. M. Stimmel (Chesapeake & Ohio): — ^The report of Sub- Committee No. 7, on 
Standard Methods for Analyses of Chemicals Used in Water Treatment, appears on page 
91 of Bulletin 349. Methods for analysis of hydrated lime and soda ash are presented 
this year. A complete analysis of these chemicals is not necessary to determine their 
reaction value in water treatment. The methods only give the determination of the per- 
centage of those constituents which are of value in water treatment and which are cov- 
ered by specifications. The methods as reported appear to be the shortest and most cor- 
rect available. 

It is recommended that these methods be adopted for publication in the Manual. 

Chairman R. C. Bardwell: — I move that the methods given on page 91 be adopted 
foi? publication in the Manual. 

Vice-President W. P. Wiltsee: — It is moved and seconded that the information shown 
on page 91, Analysis of Soda Ash and Analysis of Hydrated Lime, be included in the 
Manual. Is there any discussion? 

(The motion was put to a vote and carried.) 

Chairman R, C. Bardwell: — ^Progress is reported on Assignment No. 8, Progress Be- 
ing. Made by Federal and State Authorities on Regulations Pertaining to Railway Sani- 
tation, collaborating with the Joint Committee on Railway Sanitation, A.R.A. This ap- 
pears as Appendix F on pages 92 and 93. However, in the absence of the Chairman, Mr. 
VanHovenberg, I will present this report. 

The report of the Joint Committee on Railway Sanitation was printed and dis- 
tributed in November 1931, by the American Railway Association as Circular M&S 133. 

Representatives of the Engineering and Mechanical Divisions, Medical and Surgical 
Section and of the U.S. Public Health Service and the Canadian Health Department col- 
laborated in assemblying the material in this report, which is circulated for information 
only, ‘ 

Considerable of the information presented was obtained by extensive original re- 
search by individual members of the Joint Committee, and the resulting suggestions in 
many instances will, if applied, lead to considerable operating economies for railroads, as 
well as improved sanitation. 

The members of the Joint Committee on Railway Sanitation, representing the Water 
Service and Sanitation Committee of the American Railway Engineering Association, feel 
grateful for the privilege of rendering the service they have in behalf of the member rail- 
roads. , J 

This report is submitted as information. 

Vice-President W. P. Wiltsee: — It will be received as such unless there is some ob- 
jection. 

Chairman R. C. Bardwell: — Report on Assignment No. 9, which appears in Appen- 
dix G, is one of the first complete reports on sanitation matters which has been pub- 
lished by the Committee and contains some very valuable fundamental information on 
the troublesome question of sewage disposal, which is in line with best practice recom- 
mended by State and Federal health authorities. The Committee is indebted to Mr. 
W. P. Hale, Chairman of the Sub-Committee, for the considerable amount of work and 
study he has given this report. 

In the absence of Mr. Hale, the report will be presented by Mr. H. F. King. 

Mr. H. F. King (Erie) :— The report covering “sewage disposal where sanitary fac- 
ilities are not available” is given in Appendix G and will be found on pages 93 to 100 
inclusive in Bulletin 349. 

The question of sewage disposal is a troublesome one. Your Committee considers 
the assignment that of presenting for guidance of the railroads the various methods of 
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disposing of human waste where connections with sewage systems are not readily avail- 
able. The various railroad systems traverse a wide territory and are therefore subject 
to Federal regulations, various state codes and many city and village ordinances and 
rules. Confusion develops in harmonizing the views of all concerned as a result of the 
above conditions. For these reasons, the adoption of system standards of practices are 
matters which present many complications, and no such standards, therefore, are recom- 
mended for the present. 

Your Committee has endeavored to work out the most economical methods for dis- 
posing of this waste and still be in line with the best practices recommended by Federal 
and State health authorities. It is recommended that the report be received as infor- 
mation. 

Vice-President W. P. Wiltsee: — Unless there is objection thereto it will be so re- 
ceived. 

Chairman R. C. Bardwell: — ^That concludes the report. 

Vice-President W. P. Wiltsee: — ^Are there any questions you would like to ask this 
Committee? 

This Committee, gentlemen, is composed of experts in their particular line and they 
have presented to you a large amount of practical and useful data on this subject. They 
are relieved with the thanks of the Association (Applause). 


DISCUSSION ON BUILDINGS 

(For Report, see pp. 681-702) 

(Vice-President W. P. Wiltsee in the Chair.) 

Mr. A. L. Sparks (Missouri-Kansas-Texas) : — ^The report of the Committee on 
Buildings will be found on page 681 of Bulletin 354. The Committee offers no recom- 
mended changes for revision of the Manual at this time. 

Preparation of Specifications for Railway Buildings, appearing in Appendix A, page 
682, will be submitted by Mr. F. R. Judd, Chairman of this Sub-Committee. 

Mr. F. R. Judd (Illinois Central) : — ^The Sub- Committee, or rather the Committee, 
offers at this time for adoption and publication in the Manual, Specifications for 
Hydraulic Elevators — Baggage or Freight. These specifications were previously pub- 
lished in the Proceedings as part of Appendix D, Section 28, pages 1215 to 1224, both 
inclusive, of Bulletin 323, and Vol. 31, Proceedings, 1930. 

I move that these specifications be adopted for publication in the Manual. 

Chairman A. L. Sparks: — ^I second the motion. 

Vice-President W. P. Wiltsee: — It is moved and seconded that these specifications be 
adopted for printing in the Manual. Is there any discussion ? 

(The motion was put to a vote and carried.) 

Mr. F. R. Judd (Illinois Central): — ^The Committee also submits for publication in 
the Manual, subject to revisions, Specifications for Steel, Brick and Reinforced Concrete 
Chimneys, with addenda for draft gages, pyrometer and lightning protection, all as previ- 
ously published in the Proceedings as Appendix A, pages 406 to 424, both inclusive, of 
Bulletin 343, and Vol. 33, Proceedings, 1932. 

The revisions are as follows: 

“1. Steel Chimney Specifications, page 407, Unit Stresses, add the words Jb. per sq. 
in.’ after the unit stresses given in the table for concrete in compression and shear, also 
reinforcing steel in tension and bond. 
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“2. Reinforced Concrete Chimney Specifications, page 415, Unit Stresses, omit the 
words “lb. per sq. in.” which appear after the ratio moduli of elasticity. 

Insert after the words “Ratio moduli of elasticity,” the words “for 2000 lb. concrete,” 
and immediately below this line insert another line reading, “Ratio moduli of elasticity, 
for 3000 lb. concrete. . . 10.” 

I move that these specifications, with the revisions mentioned, be adopted for publi- 
cation in the Manual. 

Vice-President W. P. Wiltsee; — You have heard the motion. Is there any discus- 
sion ? 

(The motion was put to a vote and carried.) 

Mr. F. R. Judd (Illinois Central) : — In this Bulletin will be found Section 29, under 
Specifications for Railway Buildings, specifications for electrically-operated freight or 
baggage elevators. The Committee is submitting this for publication in the Proceedings, 
and it is hoped that we will receive criticism so that it can be offered for adoption at the 
next convention. 

Vice-President W. P. Wiltsee: — The report will be so received. 

Chairman A. L. Sparks: — Subject No. 3, Remodelling Freight Houses for Accommo- 
dation of Truck Door-to-Door Delivery of Freight, is shown as Appendix B. The Chair- 
man of the Sub-Committee is not present, but the Committee has done considerable work 
on this subject and wishes to report progress. 

On Subject No. 4, Bus Terminal Buildings, Isolated and in Conjunction with Rail- 
way Stations, Appendix C, we also wish to report progress. 

For Subject No. 5, Application of Stainless and Rust Resisting Steels to Building 
Construction, Appendix D, we also wish to report progress. 

On Subject No. 6, Vermin and Rat-Proofing Buildings, Appendix E, we also wish 
to report progress. We ask that these subjects be continued for further consideration. 

Under Subject No. 7, Appendix F, Modern Methods of Heating Small Railway 
Buildings, Showing Comparative Advantages of Warm Air, Hot Water, Steam and Pos- 
sibly Fan-Unit Systems, the Sub-Committee has requested that the Buildings Committee 
Chairman report on this in order to save time. 

You will find considerable information, one pages 689, 690, 691, 692 and 693, cover- 
ing this subject, which is offered with the hope that it will be useful in selecting the type 
of heating apparatus for various classes of railway buildings. It is offered as infor- 
mation. 

Vice-President W. P. Wiltsee:— Are there any remarks on this subject? It will be 
received as information. 

Chairman A. L. Sparks:— The report on Subject No. 8, Design and Construction of 
Modern Fruit and Produce Terminal Buildings, appears as Appendix G on page 694. 

After considerable collaboration with the Committee on Yards and Terminals, which 
has a similar subject, this report is offered with the hope that it also will be useful to 
those who have occasion to design fruit and produce terminals, and it is offered as in- 
formation. 

Vice-President W. P. Wiltsee:— It will be received as such. Is there any discussion 
on this subject? 

Chairman A. L. Sparks:— Subject No. 9, Relative Merits of Wood and Fireproof 
Roof Structures, which should include Wood, Hollow Tile Fireproofing, Concrete and 
Cement Tile, etc., page 699, appears as Appendix H. The Chairman of this Sub-Com- 
mittee has also asked that the Chairman present this report. 
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There has been a great deal of work done on this subject and at our last Committee 
meeting there was so much information available that we had difficulty in determining 
just how much should be offered, so we ask that it be reassigned for another year. 

Subject No. 10, Use of Materials Other than Brick, Stone and Cement in Exterior 
and Interior Walls, Partitions, Floors and Ceilings of Buildings with a View to: (a) 
Fire Resisting Qualities; (b)' Less Space Occupied by Materials of Construction; (c) 
Better Heating Conditions; (d) Quieter Interiors; (e) Reduction in Size and Weight of 
Framework and Enclosures; (f) General Reduction in Cost of Construction, is shown as 
Appendix I, page 699. The information shown on pages 699 to 701, inclusive, is a sort 
of resume of different types of building construction that have come into more or less 
common use during the last few years and that are being successfully used as substitutes 
for heavier construction. This is submitted as information. 

Subject No. 11, Causes of Dust Explosions in Grain Elevators and Methods for Ob- 
viating the Hazard, is shown as Appendix J. Your Committee has formulated consid- 
erable information that can be used in making a very constructive report. We used some 
information from government bulletins and in submitting the information to the gov- 
ernment for criticism, and to the officials who wrote the government bulletins, they asked 
for a little more time, so we should like to have this reassigned for further consideration. 

That terminates our report, Mr. Chairman. 

Vice-President W. P. Wiltsee: — There is one thing I noticed in this report. The 
Chairman stated at the end of his reports that he would like to have the subjects con- 
tinued. It is a great help to the Outline of Work Committee for the Committee Chair- 
men to say whether or not they recommend subjects to be continued. This Committee 
is to be complimented on the very excellent report they have submitted and they are 
dismissed with the thanks of the Association (Applause). 


DISCUSSION ON MASONRY 

(For Report, see pp. 577-604) 

Mr. Meyer Hirschthal (Delaware, Lackawanna & Western) : — The Masonry Com- 
mittee presents its report in Bulletin 353, beginning with page 577. There was an 
unfortunate error in printing whereby there was omitted a figure or two in connection 
with Ballasted Deck Reinforced Concrete Trestle, which is printed in the Bulletin on page 
588. You will find or have found leaflets to replace that figure printed in the Bulletin, 
beginning in the middle of the page, reading Section B. 

The assignment to the Masonry Committee last year in Item 2 was changed from 
“Design” to “Specifications and Design,” in order to cover a revision of the Manual 
to include specifications for concrete in buildings. 

The material gotten up by Sub-Committee No. 2 on Specifications and Design is 
contained in the report of Sub-Committee No. 1, Revision of Manual. 

The Masonry Committee’s report consists of Appendices A, B, C, D and E, with 
progress reports on Subject Nos. 4, 5 and 6. 

The first subject to be reported on is Revision of Manual, which is to be presented 
by Mr. Leonard, Chairman of the Sub -Committee. 

Mr. J. F. Leonard (Pennsylvania) The report known as Appendix A is in Bulletin 
353, starting on page 577 and continuing through to page 579. In each case of shorter 
revisions, the present article is presented, together with the proposed article. In several 
of the cases, the length of the present article is such that to save in printing it was 
omitted. 
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Briefly, all of these revisions in the Manual are merely slight changes which devel- 
oped in the course of our debate to bring our Manual up to present practices, and in 
view of the late hour, if the Chairman so agrees, I will omit reading these articles and 
revisions and present the subject-matter as a whole, moving if for adoption. 

The President: — If there is no objection from the members here, Mr. Leonard, we 
would be very glad if you would do that. We could act on it as a whole and then 
pick out different proposed articles. We will go ahead and consider it as a group and 
then have comment on proposed articles or certain parts thereof. 

Mr. B. R. Leffler (New York Central)-: — I am satisfied with the revisions except 
that I should like to talk about the last one, proposed article 64, at the bottom of page 
578 and at the top of page 579. 

Mr. J. F. Leonard: — I will read, then, if that is satisfactory, the present article 
and then I will read the proposed article. 

Present Article 64: The general heading is Waterproofing. Under that is the title 
“General’’. 

“Concrete required to be water-tight shall he made with strict adherence to all 
provisions in these specifications regarding the choice of materials, proportions, consist- 
ency, mixing, placing, protection and workmanship.” 

The proposed article 64 reads, with the same heading: “Concrete required to be 
watertight shall be made with strict adherence to all provisions in these specifications 
regarding the choice of materials, proportions, consistency, mixing, placing, protection 
and workmanship. The quantity of water used per sack of cement shall be the minimum 
consistent with workability and the requirements for placing.” 

Mr. B. R. Leffler: — ^The last sentence is the only one I have in mind. I think it 
was two years ago or one year ago when the Committee promised the Association a 
recommendation on the maximum amount of water permitted per sack of cement. I 
then turned over to page 594, on the care in concrete making, or words to that effect, 
where they brought out a very good point. I am referring to the bottom of the page, 
and also to page 596, Article 4. 

Both of these last two articles that I am referring to are very specific on the amount 
of water that should be used per sack of cement. In view of those two articles, it seems 
to me that this last sentence of proposed Article 64 is rather weak: “The quantity of 
water used per sack of cement shall be the minimum consistent with workability and 
the requirements for placing.” That weak clause is a perpetual source of disagreement 
between the contractor and the company’s inspector. 

In view of those other two articles I think this should be strengthened, either omitted 
or placed in some other part of the specifications with a rather rigid limitation on the 
amount of v/ater per sack of cement, providing that the consistency must be reached not 
by varying the water but by varying the amount of cement and the relation between 
the coarse and fine aggregates. 

I cannot bring myself to think that consistency or workability should depend upon 
the amount of water. That has been the great crime in concrete mixing. That is why 
we have poor concrete. Mr. Crosby had been trying to get workability by adding wa- 
ter. We ought to hit that hard. 

I should like to see that last clause strengthened or place it in some other place in 
the specifications where it can be stated in strong terms. 

The President: — Have you any suggestions for the last sentence? 

Mr. B. R. Leffler:— My point is this: I would limit the quantity of water per- 
mitted to 6.5 gallons per sack of cement. I do not know whether the Association or the 
Committee will agree on that rigid requirement. I never would permit any more water 



870 


Masonry 


than that to a sack of cement, if I am going to obtain durability, and durability is de- 
pendent upon permeability, as these tests show. 

The President: — What does the Committee have to say about it? 

Chairman Meyer Hirschthal: — This question was a subject of discussion of this 
Committee, and because of the fact that there was a slight disagreement, because of va- 
rious conditions under which watertight concrete is required, this omission was made in 
the revision of the Manual. 

In mass concrete, which has to be watertight at times, there are different conditions, 
for instance, than in using 6-inch slabs between I-beams and 6-inch slabs between rein- 
forced concrete T-beams. Personally, I would be in favor of 6 gallons as the minimum 
of water for concrete. If that is the result of the proposal by Mr. Leffler, if he says 
that should be the minimum, it would be perfectly agreeable to me to include that in 
this provision, with the permission of the convention. 

Mr. B. R. Leiffler: — Since the Chairman has expressed himself that way, he is only 
half a gallon below me, and I am glad to know that there was a good fight in the Com- 
mittee on that point. 

I think that it is time this Association take a positive stand on this sloppy concrete. 
We have plenty of data and plenty of statistical material and plenty of history based on 
actual experience. I am heartily in favor of placing a limit of 6.5 gallons on the quan- 
tity. I would not hesitate to go to 6 gallons, though I would be willing to accept 6.5 
gallons. 

The President: — Mr. Leffler, if I understand the Committee correctly, they are will- 
ing to go along with 6 gallons if someone would make an amendment to that effect. 

Mr. J. F. Leonard (Pennsylvania) : — I would suggest, if I may, that you prepare 
for the Masonry Committee a revision of this last sentence. I think that the Masonry 
Committee and yourself can get together and draft this Article in such a fashion that it 
will satisfy your criticism. In view of the fact that there were no others, we would so 
include it as a revision of this presentation, if that is agreeable with the Chairman. 

The President: — ^Would you want to have the decision that it is to go in the Manual 
or to be carried over until next year? 

Mr. J. F. Leonard (Pennsylvania) : — ^To go into the Manual. 

Mr. Robert H. Ford (Rock Island) : — ^I hardly believe that this is in keeping with 
the practice of the Association unless it is in the nature of a progress report. 

Mr. Leffler is right in principle but whether the proper amount of water per sack 
of cement is 6, 6.5 or 6.75 gallons, should be determined by the Committee after care- 
ful consideration of all relevant facts. It should not be an offhand decision merely for 
the purpose of reaching an agreement with a member speaking from the floor. 

The President: — Do you wish to make an amendment? 

Chairman Meyer Hirschthal: — I will withdraw Article 64 on the part of the Com- 
mittee. 

Mr. J. F. Leonard: — I will change, if I may, my original motion for adoption of 
Appendix A, to make a motion for the adoption of Appendix A with the exception of 
the proposed revision in Article 64. 

Mr. T. L. Condron (Consulting Engineer) : — ^This has been up for a long while and 
we know as much about it now as we will a year from now. Would it not be possible 
to hang up a flag at the end of the paragraph in the way of an additional sentence cov- 
ering what we all have in mind? 

I therefore would suggest, if it is the desire to make a motion to that effect, that 
the sentence be added: “In general, the quantity of water should not exceed 6 gallons 
per sack of cement.” 
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There must be some leeway for such work, but that hangs up a notice and I believe 
covers it as best we can. If the Chairman thinks well of that he can introduce it. 

Mr. B. R. Leffler: — I should like to ask if the Committee has examined any service 
tests. By that I mean, how does that asphalt plank behave in actual service? It has 
been in use, now, for almost ten years. We ought to be able to know about some of 
the service test results. 

Mr. A. L. Sparks (Missouri-Kansas-Texas) : — You will probably remember that last 
year the Buildings Committee had been assigned the subject of Reinforced Concrete 
Specifications for Buildings. In our attempt to submit such specifications, a similar ob- 
jection was raised and we were overruled and the Committee did not offer separate 
specifications. As I understand it, the Outline of Work Committee gave this assignment 
to the Masonry Committee with the hope that the present concrete specifications would 
be revised so that they might include anything that was necessary for building specifi- 
cation work. 

The present draft of the Masonry Committee’s revisions of specifications has been 
submitted since our last meeting of the Buildings Committee. We have not had an op- 
portunity to go over it together. We should like very much an opportunity to go over 
it together. I should like, particularly, to call attention to the importance of the remarks 
made by Mr. Ford in regard to carrying this subject over. There are a number of 
points that the Buildings Committee feels should have been given consideration in these 
specifications. Among them is the design of composite columns, either of structural steel 
shapes or cast iron enclosed in concrete with steel spirals or ties; second, long sections; 
third, requirements for fire protection; fourth, arrangement of reinforcement for offset 
columns; fifth, rib floor construction; sixth, unit stresses when wind loads are included; 
seventh, provision for openings in floors for elevators and stair wells; eighth, minimum 
thickness and variation of thickness with height of monolithic walls, together with rein- 
forcement of same. 

I should like to move that this subject be reassigned to the Committee for further 
consideration, with instructions to collaborate with the Committee on Buildings. 

The President:-— As I understand it, Mr. Condron’s contribution was a suggestion 
and not a motion. Is that correct? 

Mr. T. L. Condron:— Quite so, yes, sir. . 

The President:— Mr. LefSer, do you want to make any motion? The Committee 
is agreeable to taking back Article 64 and reporting on it next year. 

Mr. B. R. Leffler:— As I understand the Buildings Committee’s position on this mat- 
ter, they have a lot of other points that they are not in agreement with the Masonry 
Committee on. For the time being, I do not think we are so much concerned with those 
points. They can be ironed out by reassignment. This question of the amount of water 
per sack of cement has nothing to do with the Buildings Committee or the Masonry 
Committee or any other committee, per se. It simply has something to do with^ good 
engineering practice, and surely this great Association ought to be able to give this bad 
concrete a big black eye. The way to do it is to limit the water content and not leave 
it open to continual argument between contractors and the company’s inspectors. 

I am in favor of Mr. Condron’s suggestion. I think possibly 6 gaUons is a bit 
strong. I would go to 6.5 gallons, but I would not stand on the difference. I second 
Mr. Condron’s suggestion. 

Chairman Meyer Hirschthal:— I will move that there be added to proposed Article 
64 a sentence reading; “In general, the quantity of water shall not exceed 6 gallons per 
bag of cement.” 

The President:— You move that as an amendment? 
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Chairman Meyer Hirschthal: — That is a motion, yes, sir. 

The President: — Is there further discussion? 

(The motion was put to a vote and carried.) 

Chairman Meyer Hirschthal: — Before you go any further, I should like to make a 
few remarks in answer to Mr. Sparks. We do not propose to make this the last revision 
of the Manual. We expect to revise this Manual continuously. This is a continuous 
assignment, and for Mr. Sparks^ information I would say that the question of composite 
columns is very much alive, and also that there is a great disagreement as to methods of 
handling it. On all railroads, in the design of buildings, we have found great difficulty 
with the various building codes because of the stringent methods of application to that 
type of structure. We know we are wasting thousands of dollars in figuring the bearing 
values of columns, as they have to be figured according to the building codes. It is 
something that the Sub-Committee on Revision of Manual will get after when the Design 
Sub -Committee is through with that assignment. 

Mr. J. F. Leonard: — Gentlemen, I now desire to withdraw the last motion which 
I made and substitute a new motion as follows: 

I move the approval of Appendix A, as shown on pages 577, 578 and 579, in toto, 
with the addition of a sentence added at the end of Article 64, reading: “In general, the 
quantity of water shall not exceed 6 gallons per bag of cement.” 

Chairman Meyer Hirschthal: — I second the motion. 

The President; — Is there any discussion or question on that? 

(The motion was put to vote and carried.) 

Chairman Meyer Hirschthal;— The report of Sub-Committee No. 2, on Specifica- 
tions and Principles of Design of Plain and Reinforced Concrete, is contained in Appen- 
dix B, beginning with page 580. I had expected that Mr. Laird, Chairman of this Sub- 
Committee, would present the report, but as I do not see him on the platform I will 
make the presentation in his place. 

This report consists of practically four parts. The first is the design for a ballasted 
deck reinforced concrete trestle with sections and details contained in Fig. 1 to 7, in- 
clusive, which are shown in the leaflet which has been reprinted. This tentative standard 
for a ballasted deck reinforced concrete trestle is an outgrowth of an assignment that 
the Committee received two years ago for collaboration with Committee VII— Wooden 
Bridges and Trestles, on the comparative economy of timber and reinforced concrete 
trestles. Before going into the economy it was necessary to design the trestles, and Sec- 
tion B of this report is the result of the assignment. This is presented as information. 
The Committee asks for the continuance of this subject. 

If agreeable to the Chairman, I shall proceed with the next assignment. 

The President: — ^If there are no questions and no discussions, it will be so received. 

Chairman Meyer Hirschthal;— Section B of this report, which was just read, has 
been acted upon. Section A is an assignment which the Sub-Committee on Design has 
made to itself of keeping up to standard improvements and practices in design of rigid 
frames. The Committee is not at present in position to present a design specification for 
rigid frame structures of reinforced concrete, but one of its members, Hardy Cross, has 
been kind enough to write a monograph which is included in Section A. This is also 
presented as information. 

The President: — It will be received as such. 

Chairman Meyer Hirschthal: — ^The subject of Arches, which had been reported on 
two years prior to this, was far enough advanced for a further report, but because of 
the fact that there was a slight disagreement as to the scope that the Committee should 
cover in this subject, we decided to report only progress on the subject of Arches. 



Discussion 


873 


Concrete specifications have been presented by Sub-Committee on Revision of Man- 
ual, which have just been voted on. This completes Assignment No. 2, Specifications and 
Principles of Design of Plain and Reinforced Concrete, and we ask that the subject 
be continued. 

The President; — If there is no objection, the report will be accepted as requested. 

Chairman Meyer Hirschthal: — The third subject that the Masonry Committee pre- 
sents a report on is that of Progress in the Science and Art of Concrete Manufacture, 
contained in Appendix C. The subject matter will be presented by Mr. Walter, Chair- 
man of that Sub- Committee. 

Mr. L. W. Walter (Erie) : — ^The report of this Sub-Committee, published under Ap- 
pendix C, is presented as information. In it proper curing, as applied to concrete, is de- 
scribed as that control of moisture and temperature conditions surrounding the concrete 
after placement, that prevents or! minimizes evaporation of contained mixing water and se- 
cures and maintains a favorable temperature throughout the curing period. In short, for 
best results, control temperature when and as needed, and at all times prevent the evapor- 
ation of water from the concrete during the curing period. Some ways and means to this 
end are suggested. The relative merits of various methods are, to some extent, a debatable 
matter, but on one thing we are all in agreement; that is, that curing is one of the, most 
important single factors in obtaining the desirable quality of concrete, and that during 
the early curing period there is in many cases the most need for sufldcient moisture in 
the concrete. 

This is a short report, taking up only five pages in the Bulletin, and it is presented 
as information. 

The President: —If there is no objection it will be so received. 

Chairman Meyer Hirschthal:— The next assignment was Contact with Joint Com- 
mittee on Standard Specifications for Concrete and Reinforced Concrete., During the 
last year there has been a reorganization of this Joint Committee because of the fact 
that Professor Slater, the Chairman, died in the course of the year. Mr. Lindau, of the 
American Society of Civil Engineers, was elected Chairman, and Professor Richart, of 
the University of Illinois, representative of the Concrete Institute, was elected Vice- 
Chairman, and Mr. McMillan, of the Portland Cement Association, was re-elected Secre- 
tary-Treasurer. This is a progress report on that ass^nment. 

On Assignment No. S, Foundations, the Committee also had material in such shape 
as to present a tentative specification at the last meeting of the Masonry Committee, 
but unfortunately it could not be whipped into such form as to present a report for 
printing. 

The same is true of Assignment No. 6, Tunnel Lining, which subject was revised 
by the Sub-Committee to read Tunnel Lining by Means of Concrete, and this specifica- 
tion was not fe form to be presented by this Sub-Committee. 

Assignment No. 7 is also a progress report. 

TOder Assignment No. 8 the Sub-Committee has a form of Specifications for Repair- 
ing Detenorating Concrete for printing in the Manual. This will be presented by the 
Chairman of the Sub-Committee, Mr. A. C. Irwin. 

Mr. A. C. Irwin (Portland Cment Association) The specifications as proposed 
for printing in the Manual are found in Bulletin 353, on pages 596 to 598, inclusive. 
The specifications as now proposed will replace, if adopted, those now in the Manual 
occurring on pages 643 to 644, under the title Methods of Repairing Defective or Worn 
Surface of Concrete. 

The beginning of these specifications was three years ago when the subject, Methods 
of Repairing Deteriorating Concrete, was assigned to the Committee. 
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The report on that subject will be found in Bulletin 332, page 340. That report 
covers, in general, the main causes of deterioration of concrete and discusses methods 
by which it should be repaired. 

Last year the Committee presented tentative specifications for repairing deteriorating 
concrete and made a special request that the membership criticize them. In addition, 
certain individuals who were taking an interest in concrete were invited to criticize the 
specifications. 

This year the specifications that were submitted last year as tentative have been 
rearranged and revised and are now offered for adoption and printing in the Manual. 

If there is no objection to presenting them as a unit, without reading even the sub- 
heads, Mr. Chairman, I move that these specifications be adopted for printing in the 
Manual. 

The President: — ^Is there any discussion? 

Mr. B. R. Leffler (New York Central): — am ready to adopt these except that I 
should like to talk about paragraph 9 on page 598. It is unnecessary to read the rest 
of them. 

The President: — ^Do you want No. 9, on Curing and Protection, read? 

Mr. B. R. Leffler (New York Central):— I should like to have the first para- 
graph read. 

Mr, A. C. Irwin: — “The surface of all new concrete shall be kept from becoming 
dry for a period of at least seven days beginning immediately after placement except 
where high early strength concrete is used, in which case the curing period may be 
shortened as determined by the Engineer to that which will produce equivalent strength.” 

Mr. B. R. Leffler;— That appears a little weak in this way: It says, “the surface 
of all new concrete shaH be kept from becoming dry.” There can be a great deal of dif- 
ference of opinion between the railroad company’s inspector and the contractor. It 
might be that it rained all night long or during the day. The contractor might say that 
the concrete is wet, yet it would not be going through a very good curing process. We 
have had in the past quite a little experience in preparing concrete. That clause should be 
strengthened by requiring the concrete to be cured under water applied through a dripping 
process with a cover thrown over it so that the whole surface is constantly kept wet. 
That would be stating the quality to be desired in a positive way rather than in a 
negative way. 

If you do not put it in the specifications as strongly as that the contractor is going 
to argue with you that it is good enough. Make it as strong as possible. The previous 
articles in this report have placed strong emphasis on the desirability of curing concrete 
properly. The way to cure concrete in the field is to cure it in the right way. The right 
way is to keep the work as nearly as possible under the conditions you have developed 
in the laboratory for curing it. Put it under the conditions that produce the desir- 
able quality. 

Mr. A. C. Irwin:— I will say that I am slightly surprised myself to see what the 
language is here. If the Committee is agreeable, I propose to change the first line of 
that paragraph to read as follows: “The surface of all new concrete shall be kept wet 
for a period of at least seven days beginning immediately,” etc., as before. Will the Com- 
mittee accept that change? 

The President:— The Committee does. Is that agreeable to you, Mr. Leffler? 

Mr. B. R. Leffler: — That is a step in the right direction. 

The President:— Let us walk up to it. What is the rest? 

Mr. B. R. Leffler (New York Central) :— I did not get your point. I would specify 
that the surface has to be played upon by sprinkling water, a continuous sprinkling of 
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water. That can be easily done. We do that right along. To say the thing must be 
wet is stronger than to say it shall not be dry. We have to have a positive method of 
keeping this surface wet. A continual application of water is the usual thing, in the 
form of sprinkling apparatus. 

Mr. A. C. Irwin: — ^The principal thing involved is that if the surface is wet it can- 
not be dry. There are other ways of keeping it from becoming dry besides sprinkling, 
and it is oftentimes practically impossible to keep a surface wet by sprinkling. There 
are many ways now proposed to cure concrete as cheaper and more economical methods 
than sprinkling. The surface may be kept wet either by preventing the contained water 
from getting away or by supplying moisture to that surface. I think that we certainly 
have made it strong enough when we say it shall be kept constantly wet. 

The President; — Are you agreeable, Mr. Leffler, to the change in the first part of 
paragraph No. 9? 

Mr. B. R. Leffler: — ^There was a statement made about not allowing the water to 
escape. I am not in accord with that. That was the trouble with the old sloppy con- 
crete; it always had water in it and it was always getting water into it. You might 
have water in the concrete an inch and a half from the surface, and yet the outside of 
that inch and a half would not be properly cured. What we want is concrete that is 
just as dry as we can make it; and just as wet on the outside as we can make it in 
order to cure properly, not relying on any water inside of it. Too much water inside 
is bad. 

Mr. A. C. Irwin:— I am afraid that this discussion may get rather involved because 
we are probably not talking about the same thing. I agree absolutely with everything 
that Mr. Leffler has said, and in regard to the amount of water used in the mixing, less 
water in mixing and more in curing might be a very good formula. Of the water that is 
in the mix, ultimately a portion of it will get out. What we want during those early 
periods of hardening, the critical period of concrete making, is enough water present for 
a continuous hydration and hardening. 

The President:— Your motion was that this was to be recommended for publishing 
in the Manual, with a change in the first paragraph under No. 9, Curing and Protection? 

Mr. A. C. Irwin: — ^Yes, sir. 

The President:— Is there any further discussion? 

Mr. B. R. Leffler:— I agree to the suggestion to put in the word “thoroughly” be- 
fore “wet”. I want to emphasize that point. 

Mr. A. C. Irwin:— He wants it thoroughly wet. 

The President:— We will give him that “thoroughly.” 

Mr. A. C. Irwin:— That is acceptable. 

The President: — All in favor, with that change, will please say “aye”; contrary, 
“no.” It is carried. 

Mr. A. C. Irwin:— This replaces, as I said before, material already in the Manual 
and the recommendation of the Sub-Committee is that the subject be discontinued. 

The President:— If there is no objection, it will be so arranged. 

Meyer Hirschthal:— The next subject the Masonry Committee reports 
upon is shown as Appendix E, No. 9, Design of Expansion Joints Involving Mason^ 
Structures. Mr. C. A. Whipple, Chairman of the Sub-Comnoittee, will make the repo . 

Mr. C. A. Whipple (Chesapeake & Ohio):— Your Committee has collected from a 
number of carriers plans covering various types of expansion joints involving masonry 
structures to meet various conditions, and submits sketches Fig. 1 to 21, covering these 
types, which appear on pages S99, 600, 601, 602, 603 and 604, Bulletin 353. 
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Since the Bulletin has been published, the Committee has been advised that the ex- 
pansion device which is marked Fig. 10 is a scheme for which patent is being applied 
for, but no patent covering other devices is known. 

It is recommended that these be received as information and the subject be reassigned 
for further study. 

The President:— If that is the case, shall we exclude Fig. 10 for the time being? 

Chairman Meyer Hirschthal:— As it is a matter of information, and since that patent 
is applied for, I think we could include that in the printing. 

The President:— It may help in the long run on the others, too. We may have it 
printed before they get their patent. Is there any question on this? If not, it will be so 
received. 

Chairman Meyer Hirschthal:— That concludes the Masonry Committee’s report for 
this year. 

The President:— The Chairman and members of this Committee have some fight in 
them. I am glad they have. There has been quite a discussion for years. They have 
settled this water question. The Committee has done excellent work and they are ex- 
cused with the thanks of the Association (Applause). 


DISCUSSION ON GRADE CROSSINGS 

(For Report, see pp. 647-679) 

Mr. J. G. Brennan (New York Central) : — ^The report of Committee IX is con- 
tained in Bulletin 354, page 647. Subject No. 1, Revision of Manual, Appendix A, will 
be presented by Mr. P. M. Gault, Chairman of the Sub-Committee. 

Mr. P. M. Gault (Missouri Pacific): — The first assignment of this Sub-Committee 
is further study of the Proper Lighting of the Base of Signals where located in the 
Center of Highway. 

It is the opinion of your Committee that no change should be made in the present 
standard, which is fully outlined in A.R.E.A. Bulletin, Vol. 33, No. 337, July, 1931, and 
also in Bulletin No. 1 of the Joint Committee on Grade Crossing Protection, A.R.A. 
Your Committee feels that either of the methods of illumination shown is sufficient. 

It is recommended that this conclusion be received by the Association as information 
and that the Joint Committee on Grade Crossing Protection, A.R.A., be advised of the 
action taken. 

Vice-President W. P. Wiltsee: — I am not going to take up much time in discussing 
this interesting subject, but I have agitated for several years the question of lighting of 
the base of wigwag or automatic signals in the center of the highway. The Committee, 
I am sure, has gone into the matter very thoroughly and they stand by their original 
recommendation which is to place the light up above the base. We have had a good 
deal of experience. We have had accidents with lights above the base and have found 
that a light was more effective right in the corner of the top of the base, at each comer, 
when installed in the center of the street. 

The President: — Is there any other discussion? 

Mr. P. M. Gault: — I will say for the Committee that we have considered various 
methods submitted for the lighting of the base of signals and there is no objection to 
having the subject continued for investigation of any new methods that may be proposed 
or developed. 

The President:— As I understand it, the Joint Committee on Grade Crossing Pro- 
tection has approved this. Is that right? 

Mr. P. M. Gault: — ^They have. 
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The President: — ^And your motion was what? 

Mr. P. M. Gault: — ^That it be received just as information. 

The President: — If there is no objection, we will proceed. 

Mr. P. M. Gault: — ^The next assignment of your Sub-Committee is Detail Plans oi 
“Number-of-Tracks” Sign, both Painted and with Reflector Lenses. 

Your Committee has cooperated with the Signal Section, A.R.A., in developing detail 
plans for the following: 

1. Detail plans for the “Number-of-Tracks” sign, both painted and with reflector 
lenses, identified as A.R.A. Signal Section Detail Drawings Nos. 1644A and 1645A. 

2. Detail plans of the crossbuck sign, both painted and with reflector lenses, for 
use in connection with flashing light or wigwag signals, identified as A.RA. Signal 
Section Detail Drawings Nos. 1640A, 1641A, 1642A and 1645A. 

3. Detail plans for the illumination of the “Stop on Red Signal” sign and the 
“Stop- When-Swinging” sign, by means of reflector lenses, identified as A.RA. Signal 
Section Detail Drawings Nos. 1646A and 1648A. 

4. Plan of Adapter Clamp and Details for Signs, identified as A.R.A. Signal Section 
Detail Drawing No. 1647A. 

5. Plan of Reflector Crossing Signal Marker, identified as A.RA. Signal Section 
Detail Drawing No. 1649A. 

6. Plan of Details of Numerals for Track Signs, identified as A.R.A. Signal Section 
Detail Drawing No. 1650A. 

I might say that there has been very close cooperation with this Committee and 
the Committee of Design of the Signal Section. Mr. Patterson, who is present today, 
was in charge of working up the details for both committees. It has been submitted to 
the Joint Committee of the A.R.A. for approval, and they have approved it. 

It is the recommendation of your Committee that the above-described drawings be 
endorsed by the Association as standard, by reference. That is to say, we believe that 
it is unnecessary to print these in the A.R.EA. Manual because they will appear in the 
Signal Section Ma^iual and they will be available for everybody’s use. We will save a 
little money that way. 

The President: — And by reference it practically protects their use?- 

Mr. P. M. Gault .-—That is right. 

I should like to add also that these signs and drawings will supersede some similar 
material in the Manual at the present time. 

The next subject is (c) Detail Plans of the Illumination of Highway Crossbuck Signs 
by means of Reflector Lenses. 

Your Committee, in conjunction with the Signal Section, A.R.A. has developed detail 
plans for the illumination of this sign, by means of reflector lenses. They are shown on 
pages 650 and 651 of the Bulletin. The plans showing the details are submitted herewith 
on those pages. 

The assembly is not shown mounted. It can be mounted on a wood or concrete 
pole with the aid of straight bolts or it can be mounted on a pipe mast with the aid 
of clamp shown on Signal Section Drawing No. 1647A, in the same manner shown for 
the 90-degree reflector crossbuck. 

I call your attention to one thing on these signs and that is that the angle of the 
blade is shown as 50 degrees. I will have something to say about that later but it is 
necessary to show that angle as 50 degrees on this particular drawing because it also 
affects other dimensions which are shown. So the drawing is correct for a sign with 
an angle of 50 degrees. 
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It is the recommendation of your Committee that the above-described detail plans 
be adopted by the Association as standard, and I so move. 

The President: — Is there any discussion? 

(The motion was put to vote and carried.) 

Mr. 0. E. Selby (Big Four ) : — 1 think there is a good deal to be said on this subject, 
more than can be said in the limited time we have here. One thing I object to is the 
adoption of the plan as a standard. I understand the policy of this Association is not 
to adopt anything as standard but to adopt certain things as recommended practice to 
go into the Manual. This illuminated crossbuck sign is a new thing, and, by the rule 
of the Association, it should not be adopted for printing in the Manual without having 
appeared at least one year as information. I should like to have an opportunity to 
discuss this form of sign, dimensions and all, with the Committee. For that reason, if 
I am not out of order, I would move to have it submitted as information at this time. 

Chairman J. G. Brennan: — The Committee was largely influenced by the need 
of an illuminated sign at outlying crossings in the country, where it is dark and where 
there is a certain amount of danger, the idea being that if such a sign were developed and 
used, it would greatly help to stave off elimination of a great many crossings where 
accidents have occurred, because the illuminated sign will be a much more efficient type 
of protection, especially at night. 

In developing this sign, the Signal Section and the Sub-Committee of this Committee 
have gone into it very thoroughly and have made a great number of tests. They made 
tests at Roosevelt Field. A number of manufacturers exhibited this sign for the tests 
and it proved very effective. I think there is need for such a sign right now. I believe 
that by deferring adoption of this sign, either as a standard or as recommended practice, 
there will be a delay in the benefit to the railroads that would like to use it. 

I wish to say a word of praise for the Signal Section, for the fine manner in which 
they co-operated in developing this sign and for their excellent work in developing the 
details and specifications for the illuminated signs to be used on the crossing signals. 

Mr. Robert H. Ford (Rock Island) : — I appreciate what Mr. Selb^ has stated. It is 
sound and in accord with the practice of this Association. 

Illuminated signs are essentially a safety measure. Their use at crossings where the 
traffic justifies should result in lessening the requirements for expensive grade separations 
and would, therefore, result in corresponding savings to the taxpayers and railways. 

There are many crossings where grade separation is in contemplation that could be 
adequately protected by the use of modern protective devices. The illuminated advance 
warning sign and the illuminated crossing sign are now almost a necessary part of 
these devices. 

There is great need for uniform practice in this respect and formative action by this 
Association would be a great aid in this direction. I hope, therefore, that any motion 
to recommit will not prevail. 

The President: — I am very glad to hear what Mr. Ford has said. This is some- 
thing that has been studied in this convention for at least three years. They first started 
a very elaborate scheme or plan for the design of these depressed button signs. They 
modified them in cooperation with the railroads. These other agencies have come along, 
with more or less surprise to the railroads, and participated in regard to the installation 
of the signs as well as their upkeep, which is also a step forward. They have with- 
drawn, if the information I have is correct, especially for the time being, their requests 
for the elimination of a number of grade crossings. 

Mr. A. H. Rudd (Pennsylvania) The point that has not been touched on is 
that we use in a great many cases the automatic highway crossing signal. We all know 
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that you cannot see the ordinary crossbuck. We must use a flashing light or else sep- 
arate the grade. A good many of us have illuminated crossbucks and thus save the 
expense of putting up other signals. 

Mr. 0. E. Selby: — I am thoroughly in favor of the reflector type crossbuck signs. I 
do not mean my remarks to be any reflection, if you please, on the use of such a sign. 
I am thoroughly in favor of it. As long as this picture is printed in the Proceedings, 
it is available and can be used. If it is not made standard or recommended practice at 
this time, I think the railways will suffer no injury by the Committee giving this more 
consideration. 

The President: — ^Another thing, Mr. Selby, that I think we should take into con- 
sideration is that the Joint Committee on Grade Crossing Protection wish to have this 
printed in their report or proceedings, or in their Bulletin. 

Mr. P. M. Gault: — The Committee has tested some of these signs in actual service 
at night. This is a very distinctive signal. Its crossbars can be seen long before the 
letters can be distinguished. In my opinion it is one of the most effective markers for 
railroad grade crossings that has ever been devised. 

In the last analysis, a driver cannot protect himself at a railroad crossing unless 
he knows he is coming to a railroad crossing. If he wants to protect himself, all well 
and good; if he does not, it does not make any difference what you put up. This is 
going to help the careful driver. 

Mr. E. H. Barnhart (Baltimore & Ohio): — ^The Committee tells us that they are 
not going to replace the sign that is in the Manual. I do not see anything in here to 
indicate what distance this proposed sign is above the surface of the highway. This is 
rather important. 

Mr. P. M. Gault: — The sign can be mounted any height desired on wood or con- 
crete or iron posts. The standard has not been affected in any way. The standard is 
already shown in the Manual. The thought of the Committee is that it would simply 
be a substitute when used for the wooden or iron crossbuck. 

The President: — Do you know offhand just what height the crossbuck is above the 
surface of the highway? 

Mr. P. M-. Gault: — It would be shown in here. 

The President: — ^You have stated that? 

Mr. P. M. Gault: — ^The book says the height should vary to suit local conditions. 

The President: — Is there any more discussion? 

Mr. Benjamin Elkind (Erie) : — ^The Committee intends to have the detail plan shown 
on the following two pages as standard and under 1-B intend to modify it by eliminating 
the 50-degree angle between the blades. 

As the Chairman has stated, there are many dimensions that are contingent on 
that 50-degree angle. I do not believe that this drawing, for the purpose, of the Com- 
mittee, should be modified. A second drawing would show perhaps the optional method, 
depending upon the angle. 

Mr. P. M. Gault — The design that was shown is for a 50-degree angle. If you are 
going to make the sign other than 50-degrees, a slight change in the dimensions of .the 
bolt holes and the size of the letters or possibly the spacing of the letters may be 
desirable. 

There was one other reason for the adoption of this sign. This sign at the present 
time, as Mr. Ford has pointed out, is being used in certain states. The manufacturers 
are anxious to start making these on some standard basis. They want to know what 
we want and if we can lead with a standard instead of trailing we will be able to save 
a little monev on our nurchases 
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The President: — ^Are you ready for the question? 

(The motion was put to vote and carried.) 

Mr. P. M. Gault:— The next assignment is A.R.A. Signal Section Specification Nos. 
15633 and 1SS33. This is shown as Exhibit B on page 674 of this Bulletin. 

It is the recommendation of your Committee that the above mentioned specifica- 
tions be endorsed by the Association as standard, by reference. I so move. 

Mr. Robert H. Ford (Rock Island): — I second the motion. 

The President: — Is there any discussion? 

(The motion was put to vote and carried.) 

Mr. P. M. Gault:— The next assignment is (b) Revision of Highway Crossing Sign, 
illustrated on page 65, A.R.E,A. Bulletin Vol. 33, No. 337, July, 1931, to omit the 
SO-degree angle shown between the blades. 

It has been called to the attention of your Committee that most of the roads through- 
out the country are using practically the same crossbuck sign and if the A.R.E.A. Man- 
ual could be revised to eliminate the angle between the blades, the practice of the rail- 
roads generally would then conform to the A.R.E.A. standard (as revised), excepting 
in certain states where laws require variation in painting or otherwise. 

It is the recommendation of your Committee that the 50-degree angle shown between 
the blades of the Highway Crossing Sign be eliminated. 

That also carries with it the elimination of certain dimensions which are affected 
by the angle, I so move. 

Mr. Robert H. Ford (Rock Island) : — I second the motion. 

The President: — ^Is there any discussion? Now, Mr. Selby, I believe you have some- 
thing to say about the 50-degree angle. 

Mr. 0. E. Selby: — The elimination of the 50-degree angle on the ordinary wooden 
crossbuck sign is of no importance, but it is of considerable importance if we omit the 
angle on the reflector sign. The manufacturers are ready and anxious to manufacture 
these signs in quantity and, as the Chairman of the Sub-Committee has pointed out, 
it is necessary to know the angle in order to fix the dimensions of the sign and the 
spacing of the letters. For that reason, for the reflector sign, the angle should be fixed, 
and without going into discussion at this time I am in favor of a considerably larger 
angle than 50 degrees. 

What I hope to suggest to the Committee by correspondence is an angle of about 74 
degrees which makes the inclination of the blades to the horizontal the familiar and 
simple angle of 3-4-5. That leads to simplicity in all the dimensions and permits of 
shortening the sign seven inches, compared with the picture given in the Bulletin. It 
would therefore effect considerable economy and to my mind such a sign offers a more 
expressive warning. 

The President:— Do you make a motion to the effect that the establishment of this 
angle be withdrawn for the time being? 

Mr. O. E. Selby:— I think it would be all right to eliminate it, as proposed here, 
as applying to the crossbuck sign that is already in the Manual. Then the angle for 
the reflector sign can be taken up and worked out later. 

The President: — ^Is there any other discussion? 

(The motion was put to vote and carried). 

Mr. P. M. Gault: — ^That is all. 

Chairman J. G. Brennan:— On Subject No. 2, Economic Aspects of Grade Crossing 
Protection in Lieu of Grade Separation, Mr. G. P. Palmer, Chairman of the Sub-Com- 
mittee, will present the- report. 
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Mr, G. P. Palmer (Baltimore & Ohio Chicago Terminal): — Considerable time and 
effort have been devoted to the investigation and study of this subject during the past 
two years. The broad scope of the subject requires collection of a great amount of 
statistical and cost data and it has not been possible to reach a definite and final deter- 
mination to date. Preliminary studies have been developed, involving comparative 
tables, etc. The information compiled to this time permits only a report of progress 
being made. 

It is the recommendation of your Committee that the subject be continued and 
that the report be accepted as information. 

The President: — If there is no objection, it will be so received. 

Chairman J. G. Brennan: — On Subject No. 3, Laws, Regulations and Practices 
Governing Dimensions and Clearances Affecting Construction, Protection, Elimination 
and Separation of Grades of Highway Grade Crossings, the Chairman of the Sub-Com- 
mittee is not here and I will present the report for him. 

Information for this assignment was secured by means of a questionnaire which 
was distributed to the several state highway departments of the United States, the Dis- 
trict of Columbia, and the Canadian provinces. Wherever possible, the legal require- 
ments have been indicated in the tabulation, which is submitted herewith. 

It is the recommendation of your Committee that the report be received by the 
Association as information. 

The President: — ^This is a very valuable report. It gives you a geographical state- 
ment of conditions over the country. The Committee should be complimented on com- 
piling this information. 

If there is no objection, the report will be received as information. 

Chairman J. G. Brennan: — Subject No. 4, Appendix D, covers Laws and Practices 
for Determining Division of Cost of Highway Grade Crossing Separations. Mr. M. V. 
Holmes, Chairman of the Sub- Committee, will present the report. 

Mr. M. V. Holmes (Santa Fe) : — Mr. President and Gentlemen: This report appears 
on i>ages 652 to 668 of this Bulletin and consists of abstracts of laws and practices in 
the various states governing the cost or division of cost of highway grade crossing sep- 
arations. 

Since this report has been printed we have received advice that makes a few cor- 
rections necessary. 

Under Connecticut, on page 653, the first two paragraphs should be eliminated as 
that state has recently passed a law rescinding that action. 

On page 655, under Maine, the percentages there have been corrected by legal 
statute. I will just read that: “Public Utilities Commission has authority to order grade 
separations and to apportion costs upon definite statutory percentages, 10 per cent to 
towns or cities, 40 per cent to state and 50 per cent to railroads.” 

On state highways division of cost is now being made on 50-50 basis. 

On page 659 there is a correction under Vermont. The second paragraph should 
read: “When existing crossing eliminated railroad pays 50 per cent, state 40 per cent and 
balance municipality. 

“Where new highway is established the railway pays 45 per cent, state 40 per cent, 
and the municipality the balance.” 

These same corrections also apply in the summarized statement at the end of the 
report. 

This report is submitted as information. 

The President: — This is another very vital report and it should be of very great 
interest in regard to possible changes in legislation we hope to accomplish. 


882 


Grade Crossings 


Mr. Robert H. Ford (Rock Island): — I am not clear whether the findings in Ap- 
pendix “D’’ apply in effect to the work of the Committee or to limitations placed upon 
them by the Board. The assignment states^ “Laws and practices for determining the 
divisions of cost of highway grade crossing separations”. The Committee might prop- 
erly have reported their conclusions in one brief sentence, viz., “There are no such laws 
and practices”, for this states the actual facts. 

Unless the report of the Committee is qualified, it is open to misinterpretation. It 
leaves the impression that the laws in the majority of states provide a 50 per cent 
division of cost in grade separation cases. This would appear to be the case, but in 
practice it is not so. 

Laws in most of these states operate in a sense as a club to compel railroads to go 
along with their highway programs. Actual division of cost, however, are matters of 
negotiation irrespective of the technical or legal provisions quoted by the Committee. 

In some of the states listed by the Committee as having legal provisions for a SO 
per cent division of cost, it is the practice to construe the provisions to enable the 
division to be made on the basis of 50 per cent of the cost of the structure. In others 
this is taken to apply to 50 per cent of the works on the right-of-way, etc., etc,, 
the purpose in all cases being for public authority to work out a settlement with the 
railroads in order to avoid legal or other delays in the prosecution of public works, in 
which the spectre of a drastic application of the law can continue, if necessary, in the 
background. 

The underlying principle of fairness and equity will ultimately be found within the 
realm of a scientific approach to these problems. This is essentially the province of the 
Engineer. Unless and until these things can be crystallized and promoted along lines of 
scientific research, the railroads will probably continue as they have in the past to be the 
victims of unwise legislation and unjust apportionments of cost, which in the end usually 
results in the waste of public funds and the dissipation of private funds. This obtains 
more readily by the ability of public officials to advance excessive and frequently un- 
necessary expenditures. Every Engineer within his experience can usually find typical 
examples in support of this latter statement. 

From the background of many years’ study and practical experience with this 
problem, I have become convinced that the development of guiding principles or formulas 
on such matters lies within the field of engineering research and not within the domain 
of politics. 

I also believe that the fundamentals of the problem will be found in the principle 
of apportioning costs on the basis of benefits received rather than upon arbitrary meth- 
ods whose only justification is their simplicity of application and understanding. I am 
hopeful that the work of the Committee for the ensuing year may be undertaken some- 
what along these lines. 

Vice-President W. P. Wiltsee:— I do not want to take up much time as it is getting 
late but I cannot resist the opportunity to praise the work of this Committee. The 
compilations or the summaries of the laws of the various states have a very practical 
effect. Less than a month ago, in fact, two days after this report came out, there was 
a bill introduced in one of the states in the eastern part of the country to increase the 
cost of the railroads’ portion of grade elimination. I sent this Bulletin to our attorneys 
and it was presented to the members of the legislature and that bill was defeated. I 
cannot help but feel that that information in a practical way helps to reduce the cost 
of grade elimination work. 

Mr. A. F. Blaess (Illinois Central)-:— I believe the remarks just made by Mr. Ford 
are sound in principle, and I merely wish to endorse what he has said. 
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Mr. E, R. Lewis (Michigan Central) : — I agree with Mr. Ford. 

Mr. A. N. Reece (Kansas City Southern): — I also wish to endorse Mr. Ford’s com- 
ments. 

Chairman J. G. Brennan: — In defense of this Committee I should like to say that 
the Committee has endeavored to follow out the assignment that was given to it by 
the Association. I agree with Mr. Ford on practically everything he has said. In fact, 
this Committee made a suggestion for the Outline of Work for this year along the line 
that Mr. Ford has been talking about. That suggestion was referred to the Joint Com- 
mittee on Grade Crossing Protection and was turned down. It was the opinion that 
the time was not opportune to take it up now. 

Subject No. S is Drainage Methods for Grade Crossing Elimination Projects and 
Division of Cost Chargeable thereto. In the interest of saving time, I will say that 
this is a progress report and it is a report that is recommended to be received by the 
Association as information. 

It is the sense of this Committee that drainage methods for grade crossing elimi- 
nation projects are engineering details to be considered in connection with each individual 
project. 

Likewise, the division of costs chargeable thereto is a problem that must be deter- 
mined as part of the division of cost of the entire project. 

Subject No. 6, Use of Concave Street Sections for Grade Separation Subways and 
Transition from Crown to Concave Sections. Mr. E. R. Lewis, Chairman of this 
Sub-Committee, will present the report. 

Mr. E. R. Lewis: — The Sub-Committee’s report on No. 6 is found on pages 669 
to 670 of Bulletin 354. I want to say only a few words about this subject which is 
really so old that it is new. The excavated streets of Pompeii are of concave cross- 
section. We have in Detroit two subways, one on a main thoroughfare, Woodward Ave- 
nue, built in 1901 with concave pavement cross-section. I do not think there are more 
than 100 people in that city who know that it is a concave section. The effect on traffic 
is little different from a convex section. There is an average traffic of 2500 cars an hour 
through this subway. I assure you that there is no reason anyone should hesitate to 
recommend the concave section wherever it is necessary to obtain increased vertical 
clearance. 

The definition is given on page 669 and we have a line drawing on page 670, which 
is intended to show the transition from convex to concave cross-section. 

The report is offered as information. 

The President: — ^Does anyone wish to ask any questions? If not, it will be so 
received. 

Chairman J. G. Brennan:— Subject No. 7 is Study and Recommend Standard Speci- 
fications for Street Crossings over Railway Tracks, both Steam and Electric. This is 
a subject that the Committee recommends be continued for further study and report. 

The President:— If there is no objection, it will be so handled. 

Chairman J. G. Brennan:— No. 8, Use of Highway Crossing Plank and Substitutes 
therefor, is also a subject which requires further study and report, and it is the recom- 
mendation of your Committee that the subject be continued. 

The President: — If there is no objection it will be so handled. 

Chairman J. G. Brennan: — Subject No. 9 covers Stock Guards— Types, Uses and 
Necessity. Mr. Maro Johnson, Chairman of the Sub-Committee, will present the report. 

Mr, Maro Johnson (Illinois Central): — ^Mr. Chairman and Gentlemen: This report 
is shown on page 672. The conditions which formerly necessitated the placing of stock 
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guards at highway grade crossings no longer exist in a large part of the country and 
the use of stock guards is gradually being discontinued. 

The report is submitted for information and it is recommended that the subject be 
discontinued. 

The President: — Is there any discussion? In that same connection, the Outline of 
Work Committee will take cognizance of that and act accordingly. 

Chairman J. G. Brennan: — I neglected to say, under Subject No. 8: “It is the 
further recommendation of your Committee that further study of this subject be con- 
ducted under the caption of “Study the Types and Relative Economy of Different Types 
of Highway Crossings, Collaborating with Committees I — Roadway, and V — Track.” 

The President: — The Committee on Outline of work will handle that subject. 

Chairman J. G. Brennan: — That completes the report of Committee IX. 

The President: — I wish I had time to express myself fully on the good work that 
this Committee has done in the past. I think that we can thank them for the work they 
are doing now and if we will use it we can save a great deal of money. We excuse the 
Committee with the thanks of the Association (Applause). 
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states wherein railroads have 

working agreements not author- 
ized by legislatures, 660 
— laws, regulations and practices gov- 
erning dimensions and clearances 
affecting construction, protection, 
elimination and separation of 
grades of highway grade cross- 
ings, 652 

— stock guards — types, uses and ne- 
cessity, 672 

— use of concave street sections for 
grade separation subways and 
transition from crown to concave 
sections, 669 


Gravel ballast, specifications for pre- 
pared, 522 ' 

— service record, 523 

H 

Hadley, Everett Addison, A Memoir, 
55 

Highway crossing signs, 648 
— dimensions and clearances, 652 
— division of cost, 653 
— specifications, 676 
Hump yards, 177 
— with retarders, 168 

I 

Interstate Commerce Commission : 

— developments under Order No. 15100, 
248 

— simplifying and coordinating work 
under requirements of, 249 
Iron and Steel Structures, report, 285 
— bronzes for various purposes in con- 
nection with iron and steel struc- 
tures, 300 

coefficient of friction of bearing 

metals for bridge seats, 300 
— fusion welding and gas cutting of 
steel structures, 287 
— repainting of steel bridges, with spe- 
cial referefnce to the condition re- 
quiring repainting and economical 
method of doing the work, 298 
— track anchorage over bridges and 
similar structures, 285 

j 

Joint facility records, 234 

L 

Laying rail, Pennsylvania Railroad, or- 
ganization for, 117 
— Chesapeake & Ohio Railway, 121 
Locomotive development, 565 

M 

Maintenance of Way Work Equipment, 
report, 355 

— organization for use and mainte- 
nance of tie tamping machines — 
air and electric, 409 
— standardization of section duty mo- 
tor car parts and accessories, 356 

'gasoline line connections, 357 

— tie adzing, scoring and boring ma- 
chines, 413 

types of snow-melting devices as an 

aid in facilitating train operation 
and reducing maintenance cost, 
358 



888 


Index 


Maintenance of Way Work Equipment, 
report — Continued 

— use and adaptability of track type 
tractors in maintenance of way 
work, 384 

— use of ditching-spreaders, 416 
Material, methods of protection of 
treated in the field, 486 
— cross-ties, 487 
— switch ties, 488 
— ^telegraph poles, 489 
Masonry, report, 577 
— design of expansion joints involving 
masonry structures, 599 
— progress in the science and art of 
concrete manufacture, 591 
— proposed revision of specifications for 
Portland Cement Concrete, plain 
and reinforced, 578 
— specifications and principles of de- 
sign of plain and reinforced con- 
crete, 580 

rigid frame bridges, 580 

— specifications for repairing deteri- 
orating concrete, 596 
Membership : 

— deceased members, 22 
— executives on rolls, 21 
— geographical distribution, 24 
— railways represented, mileage and 
members, 25 

—status, March 1, 1933, 20 
Membrane waterproofing, specifications 
for, 273 

Motor cars, standardization of parts 
and accessories for, 356 
Motor trucks, use of, in maintenance 
and structures, 107 

N 

Neubert, John V.; 

— address of as President, 14 
— resolution of appreciation, 44 

0 

Operation : 

— improvement in train operation on. 

single track, 534 
— report on Economics, 533 

P 

Paved streets, track construction in, 
510 

Piles, hammer, relationship between 
energy of and weight or mass of, 
71 

Piling used for marine construction, 
439 

Pipe line competition, 740 


Pipe lines crossing under railway 
tracks, form of agreement, 127 
— specifications for, 163 
Power supply, 771 
Produce terminals, 173 
— design, 694 

Protection of treated materials in the 
field, 486 

R 

Rail gage plate adopted by Southern 
Pacific Company, 749 
Rail, report, 605 
— design of a rail section, 641 

131-lb. RJE rail section, 640 

relative merits of rail sections 

heavier than 100 -lb. per yard from 
the standpoint of economical dis- 
tribution of metal and strength, 
638 

-vertical web stresses in 131-lb. 

PS and 130.95-lb. (tentative) 
AREA rail sections, 644 
— details of mill practice, 609 
—operating results of ARA rail fissure 
detector car, 633 

— rail failure statistics for 1931, 610 
—reduction of the carbon content and 
adjustment of manganese content 
in rail specifications, 606 

branding and stamping, 607 

change in silicon content, 606 

classification markings, 607 

— specifications for spring washers, 
635 

— transverse fissure statistics, 624 
Railroad map of United States, 190 
Railroads — in retrospect ; in prospect, 
737 

Recapture proceedings, methods used 
in. 246 

Records and Accounts, report, 209 
— bibliography on subjects pertaining 
to records and accounts, 210 
— developments under I. C. C. Order 
No. 15100 — depreciation charges 
of steam railway companies, 248 
— drawings and drafting room prac- 
tice, 212 

— forms used by railway water serv- 
ice departments, 239 
—joint facility records, 234 
— methods for avoiding duplication of 
effort and for simplifying and co- 
ordinating work under the re- 
quirements of the Interstate Com- 
merce Commission, 249 
— ^methods and forms for gathering the 
data for keeping up to date the 
valuation and other records of 
the property of railways, 242 
methods used in recapture proceed- 
ings, 246 
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Records and Accounts, report — Con- 
tinued 

— statistical requirements of operating, 
accounting and other departments 
with respect to maintenance of 
way and structures, 235 
— system of reports and records re- 
quired to budget and control 
maintenance of way expenses, 237 

outline of a system of records and 

reports required to budget and 
control maintenance of way ex- 
penses, 238 

Reflector units, speciflcations, 674 
— switch lamps and targets, 512 
Review of performance of steel rails in 
American railways, 705 
Roadway, report, 131 
-—desirable width of roadbed in cuts 
and on fills and desirable slopes 
of banks under varying conditions 
of present-day loadings, 158 
— drainage areas and water runoff 
and the proper size of waterway 
openings, 150 

— methods of correcting soft spots in 
railway roadbed where it is im- 
practicable to stabilize it by drain- 
age, 152 

— methods of protecting against drift- 
ing snow and methods of removal 
of snow on the line and in yards 
and terminals, 159 
— physical properties of soils and their 
effect on roadbed performance, 
149 

— roadbed drainage, 132 
special problems during construc- 
tion, 133 

— service life of fence wire and spe- 
cifications for railway fence wire, 
137 

— specifications for pipe lines cross- 
ing under railway tracks, 163 
— use of portable cribbing in place of 
rigid retaining walls and utility 
of different kinds of cribbing, 139 
Rules and Organization, report, 75 
— appropriate titles for Assistant En- 
gineers, 7 8 

— ^rules for fire prevention as apply- 
ing to maintenance of way de- 
partment, 7 9 

— rules for inspection of bridges, 
trestles and culverts, 76 
— rules for maintenance of bridges — 
masonry, 77 

— rules for maintenance of terminal 
structures other than buildings, 77 

s 

Scales, 197 

— definition of a standard test of a 
railway track scale, 200 


Scales — Continued 

— ^rules for maintenance and trans- 
portation of track scale test weight 
cars, 198 

Screw pile, definition, 66 
Secretary, report, 19 
Sewage disposal, 93 

Shops and Locomotive Terminals, re- 
port, 251 

— firing-up stations for locomotives, 
251 

— turntables, 254 

Signals and Interlocking, report, 263 
— developments of automatic train 
control, 264 

— increased efficiency secured in rail- 
way operation by signal indica- 
tions in lieu of train orders and 
timetable superiorities, 266 
— possibility of providing suitable pro- 
tection at less cost than the pres- 
ent-day practice for both construc- 
tion and maintenance of signals 
and interlocking, 270 
— report on use of flashing lights in 
railway signals, 272 
— synopsis of the principal current ac- 
tivities of the Signal Section, ARA, 
supplemented with list and refer- 
ences by number of adopted spe- 
cifications, designs and principles 
of signaling practice, 269 
Snow-melting devices, 358 
— ^methods of protecting against drift- 
ing, 159 

Soft spots, prevention, 133 
— ^methods of correcting, 152 
Soils, physical properties, 149 
Specifications : 

— and principles of design of plain and 
reinforced concrete, 580 

rigid frame bridges, 580 

— ^ARA Signal Section specification 
15633 — reflector units, 674 

^railroad highway grade crossing 

signs, 676 

— electrically-operated freight or bag- 
gage elevators. 682 

— extent of adherence to standard tie, 
324 

— membrane waterproofing, 273 
— pipe lines crossing under railway 
tracks, 163 

— plans for track tools, 508 

claw bars, design of, 509 

— prepared gravel ballast, 522 
— ^proposed revision of specifications 
for Portland Cement Concrete, 
plain and reinforced, 578 
— railway fence wire, 137 
— railway track scale test weight 
cars, 169 

— repairing deteriorating concrete, 596 
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Specifications — Continued 
— spring- washers, 635 
— stone ballast, 526 
— treatment of air-seasoned Douglas 
fir, 455 

Spring washers, specifications, 635 
Standards approved by ASA, 321 
Standardization, report, 309 
— American Standards Association, 310 
— Canadian Engineering Standards As- 
sociation, 319 

— standards approved by the American 
Standards Association, 321 
— status of ARA recommended stand- 
ards for railroad highway grade 
crossing protection, 317 
— subjects recommended for national 
standardization, 315 
— use and citation of American stand- 
ards, 314 

Steel rails, review of performance, 706 
Stock guards — types, uses and neces- 
sity, 672 

Stone ballast, specifications for, 526 
Stresses in Railroad track, report, 703 
-—discussion, 808 
Substitute ties, 324 

Substations, design of indoor and out- 
door, 771 

T 

Tamping machines, organization for 
use and maintenance, 409 
Tellers, report, 47 

Termite, destruction by and possible 
ways of prevention, 482 
Theory of probability applied to bridge 
and building loadings, 731 
Tie adzing, scoring and boring ma- 
chines, 413 
Ties, report, 323 

— adherence to standard tie specifica- 
tions for cross-ties, 324 
— economical uses of old ties which 
must be removed from track and 
bridges — a, treated ; b, untreated, 
352 

— economics of the use of 8 -ft. 6 -in. 
and 9 -ft. ties as compared with 
8-ft. ties, 351 

— method of proper comparison of re- 
newal costs per mile maintained, 
with adjustment for variables 
such as traffic density, rate of in- 
stallation of treated ties, etc., 332 
— most economical method of distrib- 
uting ties from treating plants to 
points where they are to be used, 
349 

— substitute ties, 324 
— tie renewal' averages per mile main- 
tained, 332 


Ties, report — Continued 
— tie renewal practice, including 
method of inspection and re- 
newal, check of such inspection 
and adherence, 350 
Time studies, 111 
Titles of Assistant Engineers, 78 
Tonnage rating of locomotives, 560 
Track, report, 491 
— construction in paved streets, 510 
— damage from brine drippings, 520 
— gage of track and elevation of 
curves with reference to the use 
of roller bearings on railway 
equipment, 511 

— plans and specifications for track 
tools, 508 

claw bars, design of, 509 

— plans for switches, frogs, crossings. 

slip switches, etc., 510 
— practicability of using reflex units 
for switch lamps and targets, 512 
— selective welding up at joints, in- 
stead of welding out of face, 515 
— standard wheel flanges, treads and 
gages, 519 

— string lining of curves by the chord 
method and preparation of tables 
suitable for use of trackmen, 493 
Tractors, use and adaptability of track 
type, 384 

Train length, methods for determining 
most economical, 546 
Train resistance formulas, 558 
Transverse fissure statistics, 624 
Treasurer, report, 32 
Turntables, 254 

U 

Uniform General Contract Forms, re- 
port, 125 

— form of agreement for pipe lines 
crossing under railway tracks 
and for the use of railway prop- 
erty by pipe lines generally par- 
alleling the railway, 127 


V 

Valuation records, 242 
— bibliography, 210 
— 'methods for avoiding duplication, 
249 

w 

Water pockets, prevention, 133 
Waterproofing Railway Structures, re- 
port, 273 

— specifications for membrane water- 
proofing, 273 

Water service department forms, 239 
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Water Service and Sanitation, report, 
81 

— development of deep well pumping 
equipment, 88 

— friction loss in cast iron tees, 82 
— methods and value of water treat- 
ment with respect to estimating 
and summarizing possible savings 
effected, 85 

— methods for reporting annual sum- 
mary water station and treating 
plant operation, 87 
— progress being made by Federal and 
State authorities on regulations 
pertaining to railway sanitation, 
92 

— sewage disposal where sanitary fa- 
cilities are not available, 93 
— standard dimensions of pipe, 83 
— standard methods for analyses of 
chemicals used in water treat- 
ment, 91 

— standard thickness and weights of 
cast iron pipe, 84 
Waterway competition, 741 
Welding joints, 515 
— fusion, for steel structures, 288 
Wharf borers, notes on, 483 
Wheel treads, flanges and gages, 
standard, 519 

Williamson, F. E., resolution of thanks 
to, 44 

— address of, 49 
Wiltsee, W. P. : 

— election of as President, 47 
— ^installation of as President, 48 
Wilson, A. R., election of, as Director, 
20 

Wooden Bridges and Trestles, report, 
65 

— revision of Manual, 66 
— simplification of grading rules and 
classification of timber for rail- 
way uses, 69 

Wood Preservation, report, 421 
— destruction by termite and possible 
ways of prevention, 482 


Wood Preservation, report — Continued 
— develop suitable tables of factors 
for expansion for coal-tar, petro- 
leum creosote coal-tar solution and 
creosote petroleum mixtures for 
such ranges of temperatures as 
are of interest to the users of 
treated timber, 489 
— methods of protection of treated ma- 
terials in the field, 486 
— piling used for marine construction, 
439 

— service test records for treated ties, 
427 

— specifications for treatment of air- 
seasoned Douglas fir, 455 
— temperatures at which fractions 
should be cut to correct distilla- 
tion temperatures for different 
altitudes, 422 

Work equipment, foreman’s daily re- 
port, 236 

Y 

Yards and Terminals, report, 167 
—bibliography of railway stations, 
yards, marine terminals and air- 
ports, 202 
— ^hump yards, 177 
— hump yard with retarders, 168 
— location and design of airports in 
coordination with railway facili- 
ties, 189 

coordination of air and rail fa- 
cilities for passenger service, 194 
— produce terminals, 173 
— scales, 197 

definition of a standard test of a 

railway track scale, 200 
rules for maintenance and trans- 
portation of track scale test weight 
cars, 198 

specifications for railway track 

scale test weight cars, 169 
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